DOCUMENT RESUME 



ED 219. 649 

AUTHOR, 
TITLE 

INSTITUTION^ 

PUB DATE 
NOTE 

AVAILABLE FROM 



EDRS PRICE 
DESCRIPTORS 



CE 033 506 

• 

Fulkerson, Dan • 
Residential Solar Systems. 

Mid-America Vocational Curriculum Consortium, 
Stillwater, Okla. 
82 x 

l?8p. . ; • ^ . 

Mid-America Vocational Curriculum Consortium, 1515 
West Sixth Avenue, Stillwater, OK 74074. 

MF01 Plus Postage. PC Not Available from EDRS. 
♦Air Conditioning; Behavioral Objectives; Competency 
• Based Education; Criterion Referenced Tests; 
♦Heating; Housing; 'Learning Activities; 
Postsecondary Education; *Solar Radiation; T§ acting 
Methods;' Technical Occupations; Test J terns; 
Transparencies; *Units of Study; Vocational 
Education 

•ABSTRACT 

This publication contains student and teacher 
instructional materials for a course in residential solar systems. 
The text is designed either 9s a basic solar course or as a 
supplement to extend fftudent skills in areas such as architectural 
drafting, air conditioning .and refrigeration, and plumbing. The 
materials are presented in four units covering the following topics: 
fundamentals of solar systems; active solar, heating 'systems; load 
calculations and solar' cooling; and passive' solar and other solar 
concepts. Each unit contains a unit objective, specific objectives, 
suggested activities, and instructional materials, such as an 
objective sheet, information sheet , .transparency masters, assignment 
sheets, answers to assignment sheets, job sheets, a unit test, and 
answers to the test. Suggested references are listed, and the units 
are. liberally illustrated. (RC) 




*****************************************************^^^ 

* Riproductions supplied by EDRS are the best that can be made 

* t from the original document. ' 
************************************************** a*******************. 



RESIDENTIAL 



SYSTEMS 



by 

Dan Fulkerson 



Qeveloped by the 
Mid-America Vocational Curriculum Consortium, Inc. 



V 



9 

ERIC 



U « DCPARTMCMT Of EDUCATION 

NATIONAL INSTITUTE OF EDUCATION 

EDUCATIONAL RESOURCES INFORMATION 
CENTER (ERIC) 
Th« document has bean reproductd as 
rec«rvtd from the parson or organization 
originating it 

Minor changes have bean rnade to improve, 
reproduction dualttv ^ 

• Points of v«w or opinions stated in this docu 
man* do not neceesanry represent official NlE 
position or policy t 

no / 



Board of Directors 

IV^erle Rudebusch, Nebraska, Chairman 
David Ppston, Louisiana, Vice Chairman 
Amon 'Herd, Missouri, Parliamentarian 
James Dasher, Arkansas 
Bill Barnes, Colorado 
Les Abel, Kansas 
Pat Lindley, Texas 
Dan ElWood, South Dakota 
Bob Patton, Oklahoma 

Alan Morgan, New Mexico , 

LkrrT^Barnhardt, North Dakota U 
Ann Benson, Executive Director — 

TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC). 1 ' 



\rmission to reproduce this 

MATERIAL IN MICROFICHE OW1V 
HAS BEEN GRANTED BY 



V. 



COPYRIGHT - 1982 
Mid-America VocationaLCurriculum Consortium, Inc. 



Printed by 

N Oklahoma^tate Department of Vocational and Technical Education 

Stillwater, Oklahoma 74074 




r 




TABLE OF CONTENTS 



UNIT I -Fundamentals of Solar Systems 

UNIT 1 1 -Active Sojar Heating Systems 

UNIT Ill-Load Calculations and Sft^r Cooling. . . 
UNIT I V-Passive Solar and Other Solar Concepts 




PREFACE 



ERIC 



The concept of using solar energy is not a new one; however, the feasibility of using solar 
applications on residential structures has only now come of age. With increased emphasis 
being placed in this area, several problems presently exist in our vocational training pro- 
grams. 

Of paramount importance is the need to find quality instructional materials which are 
up-to-date, economical, and easy to use, as well as flexible enough to fit into many types of 
programs. 

Residential Solar Systems attempts to solve this problem by presenting highly technical 
solar system processes in an easy to understand format. Th? materials are presented in four, 
well illustrated units, and the assignment and job sheets are practical and fun to do. This 
text is basically desfgned to supplement other instructional materials and to extend student 
skills in areas such as architectural drafting, air conditioning and refrigeration, and plumbing, 
yet it is complete enough to serve almost any basic solar program. 

* 

Progress in residential solar applications is crawling along at a time when the urgency created 
by diminishing fossil-fuel supplies dictates a need to run. We hope that Residential Solar 
Systems will help students and put advances in solar technology to work in residential 
America. . • 



* 



Ann, Benson 
Executive Director 
Mid-Arri erica Vocational 
Curriculum Consortium 
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FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT I 

unit" objective 

After completion of this unit, the student should be able to match types of solar systems 
with their applications, solve problems concerning rules of thumb tor collector tilt and 
collector orientation, and list components of a typical flat plate solar collector. The student 
should also be able to construct and use a device to measure solar altitude and solar azimuth 
and evaluate the use of flat black paint in collecting sensible heat. This knowledge will be 
evidenced by correctly performing the procedures outlined in the assignment and job sheets 
and by scoring 85 percent on the unit test. 

SPECIFIC OBJECTIVES - 

After completion of this unit, the student should be able to: 

1. Match terms related to fundamentals of solar systems with their correct defini- 
tions. 

2. Arrange in order the basic sequence of a solar system operation. N 

3. '^MatcTTtype s of s ol a r systems with their applications. 

4. Circle the words which best complete statements concerning elements of solar 
geometry and their meanings. 

5. Solve a problem concerning rules of thumb for collector tilt. 

6., Solve a problem concfertiing rules of thumb for collector orientation. 

K 7. Complete a list of statements concerning comp6nents of a typical flat plate 
collector. 

I 

8. Complete a list of statements concerning how the "greenhouse effect" makes 
a flat plate collector absorb heat, 

9. Solve a problem concerning the efficiency of flat plate collectors. 

10. List two sensibly heat storage mediums. 

1 1 . Select true statements concerning'guidelines f^r sensible heat Storage. 

12. Select true statements concerning insolation variables to consider irf solar system 

planning • 

* * 

1 3. Determine collector tilt for specific latitudes. * 

14. Determine collector orientation for specific situations. 

1 5. * Demonstrate the ability to: , 

a. . Construct and use a device to measure solar altitude and solar azimuth. 

b. Evaluate the use of flat black paint in collecting sensible heat. 
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FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT I 
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SUGGESTED ACTIVITIES 

I. Provide. student with objective sheet. 
♦ 

II. Provide student with information, assignment and job sheets. / 

III. Make transparencies. 

\ 

IV. Discuss unit and specific objectives. * 

V. Discussinformation and assignment sheets. 

>VI. Discus* and demonstrate the procedures outlined in the job sheets. 

VII. Invite a local or area architect who has designed a solar application to talk to the 
class about the advantages and problems with solar systems in your specific locale. 

VIJI. Locate a business or residence in your area where a solar system is in use and in- 
vite the person most familiar with the system to talk to the class about its per- 
formance. 

IX. Chick with your local library, nearby university, or community college to find 
books or dther literature about solar, and prepare a list so students will know 
what reference materials are available in the area. 

X. Arrange a Visit to a solar supply house or an area business that manufactures col- 
lectors or other solar components and have studeifts make brief reports on what 
they find there. • 



Arrange to have a representative of your state energy department visit the class 
and talk about the status of solar and' other alternative energy efforts within 
* the state. 



XI I. Show available films or slide presentations about solar systems. 



XIII. Gjvetett. 



INSTRUCTIONAL MATERIALS 



I. Included in this unit: 
A. Objective sheet 
•B. Information sheet 



C. Transparency masters 

1 . TM 1 - Liquid Heat Storage Options 

2. TM 2- Rock-Bed Heat Storage Unit t 
*^iD. Assignment sheets 

1. Assignment Sheet #1~Determine Collector Tilt for Specific Latitudes 

2. Assignment Sheet #2 -Determine Collector Orientation for Specific 
Situations 

E. Answers to assignment sheets 

F. Job sheets 

1. Job Sheet #1 -Construct and Use a Device to Measure Solar Altitude 
and Solar Azimuth 0 

2. Job Sheet #2--Evaluate the Use of Flat Black Paint in Collecting 
Sensible Heat 

G. Test 

H. Answers to test 
References: 

A. Solar Energy Systems. New York, NY 10174: Copper Development Associa- 
tion, Inc., 1979. 

B. Solar Energy Applications Laboratory, Colorado State University.- Solar 
Heating and Cooling of Residential Buildings, Design Systems. Washington, 
D C. 20402: U.S. Department of Commerce, 1977. 

C. Passive Design Ideas for the Energf Conscious Consumer, flookville, MD 
20850: National Solar Heating and Cooling Information Center, 1979. 

D. Solar Energy Project, Earth Science Activities. Washington, D.C. 20545: U.S. 
Department of Energy, 1979. 

Additional references: 

(NOTE: These materials would be beneficial as supplemental teaching aids and 
t can be obtained byWiting the below listed addresses.) 

A. Solar Science Projects. D.S. Halacy, Jr.; Scholastic Book Services, 900 Sylvan 
Ave.! Englewood Cliffs, NJ 07632. 

B. Energy Primer. Portola Institute; Whole Earth Truck Store, 558 Santa 
Cruz Ave., Menlo Park, CA 94025. 

C. Direct Use of the Suns Energy. Farrington Daniels; Ballantine Books, 
Inc., 457 Hahn Rd., Westminster, MD 21 157. 



•••• ' ' '" •. > • 

Energy for Survival. Wilson Clark (1974); Doubleday & Co., Inc., 277 
Park Ave., NewVork, NY 10017. 

f # ~ ' * 

Sotar* Energy and Shelter Design. Brucfe Anderson (1973); Total Environ- 
mental Actioln, Church Hill, Harrisville^NH 03450. 

• ■ * » 

Solar Energy for Man. B.J. Brinkworth (1973); John Wiley & Sons, Inc., 
One Wiley Dr., Somerset, NJ 08873. 

Illustrated Solar Energy Guide of Flat-Plate Collectors for Practical Home 
Application. E.I. & I. Associates, RO. Box 37, Newbury Park, CA 91320. 
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'• FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT I 

t - * 

INFORMATION SHEET 



• Terms arfd definitions 



A: Absorptivity-The ratip of f>l#r 0 energy absorbed by a surface compared 
^ ( to the total amount of solar enerty striking the surface 

B. • ' Glazirtg-Glass panes of plastic sheets u$ed to cover solar collectors 

* " *■ 

0. Greenhouse effect -the tendency, of some transparent materials, such as 
glass, to both transmit and block radiation, resulting in both direct and 
indirect heat gain 

Example: Suntight shining into a room through a glass window prd- 
. duces a direct heat gain.to the immediate area the sun's rays 

j strike, but the radiation is absorbed and stored and also^ 

results in an indirect heat gain to adjacent spaces 

D. Heat transfer -The transfer of heat fronjone substance or region to another 

E. Sensible hea>Heat that.cap be physically felt oY "sensed" or absorbed by a 
liquid or solid mass ^ * 



r # 



F. Thermal mass -The potential heat storage capacity of a given substance 
or system 

G. Insolation-The total' solar energy received at any given point on the earth's 
surface r 

H. -THfFuse radiation-Portions of the sunV radiation diffused ot scattered 

by atmospheric pafticl*, clouds, and pollutants; accounts for about 45% of 
total insolation on a bright, clear day • 

L Direct radiation -The remainder of radiation not reflected, absorbed or 
diffused that passes more or less directly to the earth's surface from the sun 

J. Btu- British thermal unit; the amount of heat required to raise the tempera- 
ture of one pound of water one degree Fahrenheit 

■ V 

K. Infrared rays- Long-wave rays in solar radiation thaT"3i* characterized 
by their Treating effect when they strike a surface on the earth^ 

L Re-emit -The tendency of a material or substance to discharge infrared 
rays which it has absorbed ;some4ime*called re-radiation > 

Basic sequence of a solar system operation g 

f 

A. Available energy must be collected ^ 

B. Collected energy must b^ stored * 

C. Stored energy must be distributed 
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Types of solar systems and their applications 

A. Active system- A solar heating or cooling system that uses external mechan- 
ical power to move or store solar heat 

B. ' Passive systerrv-A solar heating or cooling system that does not use external 

mechanical power to(move#r store solar heat 

C. Hybrid system-A solar Neatih 
.active and passive systems 



ihg or cooling system which combines both 



IV. Elements of solar geometry and ttyeir meanings (Figure 1) 

* 

A. Solar altitude-The angle of the sun's position in / tfie N sky with rfespect to the 
t earth 

B. Solar azimuth-The position of the sun with respect to compass directions 

(NOTE: Because solar altitude ?nd solar azimuth vary with each day of the 
year according to latitude, the elements in combination affect both tilt angle 
and orientation of solar collectors.) 

FIGURE 1 
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V. Rules of thumb for'collector tilt (Ftgdre 2) ^ 

A. To collect the most radiation in winter, tilt the collector all an angle equal to 
the latitude plus 1 5 degrees ^ 

> ) 

B. To collect the most radiation in summer, tilt the collector at an angle eqW 
to the latitude minus 15 degrees *^ 

C. To-collect the most radiation averaged over the year, tilt the collector a? an 
4£ angle approximately equal to the latitude 

• FIGURE 2 
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Rules of thumb for collector orientation 



A. In winter, a south-facing orientation receives more racfiation than a southeast 
or southwest orientation 

B. In summer, a south-facing orientation receives slightly less radiation than a 
stfutb-southeast or a south-southwest orientation 

C. In areas that experience morning haze, peak collection may be experienced 
by a collector which faces 10 to 15 degrees west of south 

» 

Components of a typical flat plat£ collector (Figure 3) 
A. Flat plate collectors typically* usi liquid as the heat transfer medium 



B. Flat plate collectors typibaHy/ have blackened copper \ometimes other 
metals) absorber plates with an integrated ) or attached array of copper tubes 

C. Beneath the absorber plate i$ an insulating material that retards loss of the 

absorbed heat through the back of the collector panel 

t> * 

FIGURE 3 
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0 How the "greenhouse effect" makes a flat plate collector absorb heat 

A. In order to collect as much energy as possible, collectors are often covered 
with a glazing material of glass or plastic which are highly transparent to 
incoming solar radiation ' 

B. These covers serve as insulation over the absorber plate and keep corrective 
heat losses down 

• C. Since glass or certain plastics are vi^j Vpaque to the outgping long-wave 
infrared radiation, the radiation ■ inside the collector and this 

phenomenon in known as the "gree^Wfse effect" 

Example: Greenhouses function because of the effect, but on a largfer 
scale, the earth itself creates a "greenhouse effect 11 by absorb- 
ing solar radiation and turning it into longer wavelength 
infrared rays; these longer infrared rays canncJt easily pass 
back through the atmosphere into space because 'certain 
substances, like carbon dioxide and water in the atmosphere, 
absorb them; when this energy is prevented from escaping 

* " back into space, the "greenhouse effect" occurs. 

Efficiency of flat plate collectors 

W, ln*a collector with a flat black absorber pla?e without glazing-, much of the 
radiation absorbed by the absorber plate is re-emitted or-lost from the top 
surface and soipe is lost through the back insulatiqn (Figure 4) 
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In a collector with a flat black absorber plate with glazing cover, the radia- 
tion absorbed by the black plate is re-emitted as in the preceding collector, 
but the glass cover blocks loss of the re-emitted radiation to the outside; 
there is some loss through conduction and convection, but more heat is 
retained with a glazing cover (Figure 5) 

FIGURE 5 




In a collector with a selective surface absorber-with glazing cover, a very thin 
layer of selected material is applied to the top of the absorber plate; since 
the layer's thickness is approximately equal to the wavelength of the in- 
coming solar radiation, the selective surface re-radiate* much less absorbed 
energy and is more efficient than other types of collectors (Figure 6) 

'FIGURE 6 
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y INFORMATION SHEET 

Sensible heat storage mediums 

A. Water 

B. Solid materials such as rock, brick, or adobe - 

(NOTE: Sensible heat storage is related to the principle of unit heat capacity 
and the amount of energy required to raise the temperature of a unit volume 
of a given substance 1°F; although latent heat storage working on the princi- 
ple of changing the physical properties of a substance would afford smaller 
solar storage, it is not treated in this unit because the field is still highly 
experimental; eutectic salts are utilized in latent heat storage, but mear«of < 
establishing their stability are still being examined.) F * 

Guidelines for sensible heat storage 

A. The capacity of sensible heat storage materials is equal to the specific heat of 
L the material tim€S its density (Figure 7) 



Example; ^ Water has a specific heat of 1.0 and a density of 62.5 IbVcu. 

* ft.; therefore, ohe cu. ft* of water will rise in temperature 1*F 
when 62.5 Btu is applied 



FIGURE 7 
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B. Liquid storage materials are most commonly used with liquid flat plate 
collectors 

C. Solid storage materials are most commonly used with air flat plate collectors ^ 

. D. A larger volume of solid materials is required to attain the same amount of 
heat storage as water because the specific heat is much lower for solid 
materials than for water 

E. With solid storage materials, an additional allowance must also be made for 
the circulation of air around the materials to facilitate heat transfer; this 
requires a solid-to-void ratio 

F. A common sdlid-to-void ratio for solid sensible heat storage materials is 70 v 
percent solid to 30 percent void 

(NOTE: This means that solid Jieat storage volumes will be two to three 
times liquid heat storage volumes for the same storage capacity; greater fan 
motor horsepower is also required to circulate air through a solid storage 
medium, and larger ductwork is required; these items Become important 
design considerations when selecting a system.) 

G. Liquid systems frequently use storage containers made of pre-cast concrete, 
concrete block, pressure^ reserved wood, or rammed earth, and most site- 
built storage, tanks have \lgx)ble liners to prevent leaks (Transparency 1) 

H. For liquid storage, the most appropriate storage size is 1 1/2 gallons of water 
per square foot of collector 

I. Rock-bed storage should be sized to provide 50 to 100 pounds of rock per 
square foot of collector, and the rock size should be .75 to 1 .5 inches; these 
sizes insure that the interior of individual rocks can be heated and a good 
heat flow maintained , 

* 

J. Rock-bed storage* bins can be constructed of wood or pre-cast concrete, 
but they should be properly sized, insulated, waterproofed against the 
intrusion of ground water, and sealed with a sealant that will hold up in the 
high operating temperatures (Transparency 2) 

Insolation variables to consider in solar system planning 

A. Latitude- Over the course of a year, latitude has the greatest single effect on 
insolation received at any location „ 

B. Cloud cover- Brings about the greatest day to day variation in insolation^ 
at any particular locality, and is the least predictable of any of the^riables 

"C. Atmospheric turbidity-Haze, smoke, fog, or* dust that contributes to the 
reductioQ in the transparency of the atmosphere and a reduction in insola- 
tion . 

- Oi 



INFORMATION SHEET 

Altitude- Increased altitude increases the amoiUnt of insolation received 

Obstructions-- NeatBy trees and tall buildings can block off the direct rays of 
sunlight during part of the day, and even if they do not "directly block the 
rays, they may interfere with diffused radiation that would otherwise be 
received » 

7 

Orientation of the land surface- It is good to.remember that most insolation 
data is for a horizontal surface; planning for sloping sites requires appropri- 
ate modifications in data, especially if the slopes are north-facing 
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Rock-Bed Heat Storage Unit 
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FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT I 



ASSfGNMENT SHEET #1 -DETERMINE COLLECTOR 
TILT FOR SPECIFIC LATITUDES 



Determine collector t\[t for an application designed to collect the most radiation in 
winter at a latitude of 40*N « 



Answer 



Determine collector tilt for an applicatipn designed to collect the most radiation in 
summer at a latitude of 32°N 



Answer 



Petermine collector tilt for an application designed to collect the most radiation 
averaged over the year at a latitude of 36°N 4 

Answer 



v 
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FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT r 



ASSIGNMENT SHEET #2--DETERMINE COLLECTOR ORIENTATION 
FO"R SPECIFIC SITUATIONS . 



For an application designed to collect the most radiation in winter, should the collec- 
tor be orienteering south, southeast, or southwest? j» 

Answer ym ^ 

1 P < " 

For an application designed to collect less radiation in summer, should the collector be 

oriented facing south, south-sbutheast, or south-southwest? 



Answer 



For an application in an area that experiences morning haze, should the collector 
be oriented due south or 10 to 15 degrees west of south? x 



FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT I 



JOB SHEET #1 -CONSTRUCT AND USE A DEVICE TO MEASURE 
SOLAR ALTITUDE AND SOLAR AZIMUTH ' 



Tools and materials 



A. 


Small pegboard 


V 


3/8-incK wood dowels 


C. 


Magnetic compass 


D. 


Bubble level 


E. 


Clock or watch 


F. 


Paper and pencil 


G\ 


Straightedge 


H. 


Protractor 



Procedure 

0 

A. Locate the mid-point of one long edge of the pegboard 

B. Place the dowel into the hote six rows in from the mid-point 

C. Place a piece of paper on the board by pushing it dowp over the dowel 
(Figurel) 

D. Remove the paper from the board 

E. Draw two lines on the paper so that both lines pass through the center 
of the hole with one line parallel to the long side of the paper and one line 
parallel with the short side of the paper (Figure 1 ) 

(NOTE: These two lines should be perpendicular to each other, at right 
angles or 90°.) / ° 

F. Mark the ends N-S, E-W to show compass directions to use in lining the 
board (Figure 1) , 

G. Set the board in^a horizontal position where it will receive the direct rays of 
the sun most of the day 



) 



JOB SHEET #1 



Align the board wit^h«t^ompass as shown in Figure 1 



FIGURE 1 



SOUTH 



SUNS RAYS 




Courtesy U.S. Department of Energy 

Use the bubble level to check that the board is level; if needed, level the 
board \ 

Measure and record the height of the dowel above the top surface of the 
board I ^ 

Begin at zero mintites, and at each 15 minute interval, draw a line on the 
paper showing the position of the shadow 

(NOTE: Be careful to mark the end of the shadow accurately; since position^ 
of the shadows are needed throughout the day, students from other classes 
may have fo work with previously collected data.) 

Record the time and date for ehch shadow drawn 

(NOTE: The time should be in increments of 15 minutes.) 
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Measure the angtes of solar altitude and solar azimuth with the following 
procedure: 

1 . The first angle is the angle between the shadow (s) op the paper and the 
slanting angle (H)' of the triangle as showrt in Figure 2; this angle is 
called the solar altitude 



v FIGURE 2 




Courtesy U.S. Department of Energy 



2. On a separate sheet of paper, draw a right angle triangle so that the 
vertical Side is equal to the dowel height dftd the horizontal side isieaual 
to the shadow length * 

* 

3. Draw* line (H) and measure angle 1 # then record date, time, and altitude 
of the sun, jn degrees, on the diagram 

4. The second angle tells how much east or west of the N-S line the 
sun is; this angle is calted the solar azimuth (Figure 3) 

FIGURE 3 * 




Courtesy U.S. Department of Energy 
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• <C 5. Measure angle 2, and record it directly on the apparatus 

p ■ 

(NOTE: Angle 2 in Figure 3 should be recorded as approximately 
30*W because the actual position of the sun is west which causes 
the shadow to be cast to the east; if the actual position of the sun were 
in the east and the shadow fell the same number of degrees to the west, 
angle 2 in Figure 3 would be recorded as 30 # E; remember that the 
actual position of ^Jhe sun is the directional reference for the solar 
azimuth,) 



N. Prepare a data table for the sun's positions, and enter the information 
in the following chart: 



Date: 


* 11 






Sun's Altitude * 


Sun's Azimuth * 


Time 


in degrees 


in degrees 


; 

** 




« y 






/ 



X 




jcJb SHEET #1 



Refer to your data to answer the following questions: 

1 . At what time of day is the sun's shadow shortest? 

2. What does this mean? * 



3. If you wanted to collect the most energy from the sun, how would 
you position a solar collector? 



4. Since most collectors are fixed, which direction should a collector 
in your area face for best year-round performance? 



(NOTE: Consider when you are lively to need the most heat.) 

5. Could ybu use your collected data for helping determine the best 

window placement for a home in your locale? 

i 



6. Explain your answer to question 5. 



. FUNDAMENTALS OF SOLAR SYSTEM 
UNIT I 



JOB SHEET#2 -EVALUATE THE USE'OF FLAT BLACK PAINT 
;IN COLLECTINGS SENSIBLE HEAT 



Tools and materials 

A. Small can of flat black paint 

B. Paintbrush 

C. Paint thinner for cleaning brush 
^} D. Clean towel 

E. Two 3-pound coffee cans, with plastic lids 

P. Thermometer 

Procedure 



.f 



Paint the outside of one of the coffee cans and plastic lids with flat black 
paint and allow the paint to dry 



B. Fill the two coffee cans almost full with equal amounts of water and put the 
lids on 

C. Place the two cans in direct sunlight far enough apart that one will not shade 
* the other 

D. Allow the two car* to sit in direct sunlight for at least four hours 

E. Record the outdoor temperature at the end of the testing period • 



Take the^two cans inside, remove the lids, and check the temperature of the 
water in each can 

Unpainted can Painted can 



G. Express the value of the" ad3itr6n ~oT flat black paint to the "one can by 
comparing. the water temperature inside the two cans; the addition of flat 
black paint affects collection and storage of sensible heat (circle one) 

Not at all . * Enough to notice Significantly i 

K Clean work area.and discuss your findings with your instructor . 
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FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT I • 



NAME 

TEST 

1 . Match the terms on the right with their correct definitions. 

a. The ratio of^ solar energy absorbed by a 

surface compared to the totaKamount of solar 
energy striking the surface 

b. Glass panes or plastic sheets us^d to cover 

solar collectors V 

_ c. The tendency of some transparent^ materials, 

such as glass, to both transmit and block 
radiation, resulting in both direct and indirect 
heat gain 

_d. The transfer of heat from one substance 

or region to another" 

e. Heat that can be pHvSfcally felt or "sensed" 

or absorbed by a liquid or solid mass 

_f. The potential heat storage capacity of a given 

substance or system 

g. The total solar energy received at 'any given 

point on the earth's surface 



h. Portions of the sun's radiation diffused 

— : or scattered by atmospheric particles, clouds, 
and pollutants; accounts for about 45% of 
4 ' total insplation on a bright, clear day 

i. The remainder of radiation not reflected, 

absorbed, or diffused tfiat passes more or less 
directly to the earth's (surface from the sun 

i - British thermal unit; the amount of heat 
required to raise the temperature of one 
pound of water one degree Fahrenheit , 



TcTTong-wave.rays in solar radiation that are 
characterized by their heating effect when 
they strike a surface on the earth 

J. The tendency of a material or substance to 
discharge infrared rays which it has absorbed; 
sometimes called re-radiation 



1. Insolation 

2. Absorptivity 

3. Sensible heat 

4. Glazing 

5. Greenhouse effect 

6. Direct radiation 

7. Thermal mass ^ 

8. Diffuse 
radiation 

9. Heat transfer 

10. Re-emit 

11. Infrared rays 

12. Btu 
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2. Arrange in order the basic sequence of a solar system operation by placing the 
correct sequence number in the appropriate blank. / 

a. Collected energy must be stored 

b. Stored energy must be distributed 

c. Available energy must be collected 



— * 

3. Match the types' of solar systems on the right with their correct applications. 

a. A solar heating or cooling system that uses 1. Hybrid system 

external mechanical power to move or store f 
solar heat . . V, 2. Active system 

b. A solar heating or cooling system that does _ 3 Passive system 

not use external mechanical power to move or 
store solar heat 

c. A solar heating or cooling system which 

combines both active and passive systems 

4. Circle the words which best complete theSollowing statements concerning elements 
of solar geometry and their meanings. 

a. Solar altitude-The angle of the sun's position in the sky with respect to (compass 
directions, the earth). 

b. Solar azimuth-The position of the (sun, earth) with respect to compass direc- 
tions j 

/5. Solve the following problem concerning rules of thumb for collector tilt: A solar • 
system at 42*N latitude needs a collector that will collect the most radiaiicjn during, 
winter months. What would be jhe best collector tilt? 0 



T 



6. Solve the following problem concerning rules of thumb for collector .orientation: 
A south-facing collector is not collecting enough winter radiation; an inspection 
of the collector indicates all components are in good shape; what would bait solve the 
problem? * 



7. Complete the following list of statements concerning components of a typical flat plate 
collector. 



a. Flat plate collectors typically use liquid as the 



b. Flat plate collectors typically have absorber plates with 

an integrated or attached array of copper tubes 

c. Beneath the absorber plate is ap insulating material that retards loss of the ab- 
sorbed heat through the back of the , 



9 * <j 

0 XJ 
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8. Complete the following list of statements concerning how the "greenhouse effect" 
^ry^kes a flat plate collector absorb heat. 

a. In order to collect as much energy as possible, collectors are often covered with a 
glazing material of glass or plastic which are highly transparent to incoming 



b. These covers serve as insulation over the absorber plate and keep 
„ i down 



c. Since glass or certam plastics^ are virtually opaque to the outgoing long-wave 

infrared radiation, the radiation is trapped inside the and 

this phenomenon is known as the "greenhouse effect 11 

9. Solve the following problem concerning x the efficiency of flat plate collectors: In 
planning a solar system installation, it is found that collectors with 'a selective surface 
absorber with gazing cost very little more than collectors with flat black absorber 
plates with glazing; which type of collector should be chosen for the system, and why? 



10. List two sensible heat storage mediums, 
a. 



11. Select^true statements concerning guideline .'for sensible heat storage by placing 
. an X r in the appropriate blanks. 

s_ a - The capacity of sensible heat storage ipaterials is equal to the specific heat of 

the material times its vofume 



ft 

_b. Liquid storage materials are most commonly used with liquid flat plate* 
collectors . i 

r - * [ 

_c. Solid storage materials are most commonly used with air flat plate coltectorsl *f 

_d. AJarge vofume of solid materials is required to attain the same amount oA . 
tafet storage as water because the specific heat is much higher for solid 
materials than for water / , 

_e. With solid storage materials/an additional allowance must be made for the 
circulation of air around the materials to facilitate heat transfer; this requires . 
a solid-to-void ratio ' 

» ■ 

J.' A common solid-to-void ratio for s&lid sensible heat storage materials is 70 ' 
percent splid to 30 percent void 

_g. Solid systems frequently use storage containers made of pre-cast concrete, 
concrete block, pressure-preserved wood or rammed earth, and most site-' 
built storage tanks have flexible liners to prevent leiks 



h. For liquid storage, the most appropriate storage size is 1£ gallon of water 

per square foot of collector 

i. Rock-bed storage should be sized to provide 50 to 100 pounds of rock 

per square foot of collector, and the rock size should be 75 to 1. Benches; 
these sizes insure that the interior of individual rocks can be heated and a 
v , good heat f Ipw maintained 

j. Rock-bed storage bins can be constructed of wood or pre-cast concrete, 

but they should be properly sized, insulated, waterproofed against the 
intrusion of ground water, and sealed with a sealant that will hold up in the 
• high operating temperatures 

12. Select true statements concerning insolation variables to consider in solar system 
planning by placing an "X" in the appropriate blanks. 

a.* Latitude- Over the course of a month, latitude has the greatest single effect 

on insolation received at any location 

b. Cloud covar^Brings about the greatest day to- day variation in insolation 

at any particular locality, and is the least predictable of any of thevariables 

c. Atmospheric turbidity-Haze, smoke, fog, or dust that contributes to the 
reduction in the transparency of the atmosphere and a reduction in insola- 
tion 

d. Altitude- Increased altitude decreases the amount of insolation received 

e v Obstructions -Nearby trees and tall buildings can block oft the direct rays of 

sunlight during part of the day, and even if they do nc^t directly block the 
rays, they may interfere with diffused radiation that would otherwise be 
received 

j f. Orientation of the land surface- It is good to remember that most insolation 

data is for a vertical surface; planning for sloping sites requires appropriate 
modifications in data, especially if the slopes are south-facing 

1 3. Determine collector tilt for specific latitudes. 

14. Determine collector orientation for specific situations. 

15. Demonstrate the ability to: 

a. Construct and use a device to measure solar altitude and solar azimuth. 

b. Evaluate the use of flat black paint in collecting sensible heat. , r 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) 
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FUNDAMENTALS OF SOLAR SYSTEMS 
UNIT I 



ANSWERS TO TEST 







V 




1. 


a. 


2 


e. 




h 


4 






c. * 


c 
D 


9- 




d. 


9 


h. 


2. 


a. 


2 






b. 


3 






c. 


1 




3. 


a. 


2 






b. 


3 






c. 


1 




4. 


a. 


The earth 






b. 


Sun 





3 • i. 6 

7 . j- 12" 
1 k. 11 

8 I. 10 
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5. sr . 

6. Reorienting the collector to the southeast or southwest 

7. a. Heat transfer medium 

b. Blackened popper 

c. - Collector panel f 

8. a. Solar radiation 

b. ' Convective heat losses • 

c. Collector 

* » 

9. The collectors with selective surface absorbers should be chosen because they are the 
most efficient and the slight difference in cost will be justified by collector perfor- 
marice 

10. a. Water y 

b. Solid materials such as rock, brick, or adobe 

11. b,c,*f,i,j , 

12. b,c,e ) 

13. Evaluated td the satisfaction of the instructor 

14. Evaluated to the satisfaction of the instructor 

15. Performance skills evaluated to the satisfaction of the instructor 
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ACTIVE SOLAR HEATING SYSTEMS » 

UNIT II '*i 

'•i> 



UNIT OBJECTIVE _ 

After completion of this unit, the student should be able to di'Scuss basic solar systems used 
,for domestic water heating and space heating, and list the functions of heat pumps in active 
solar heating systems. The student should also be able to solve problems concerning solar 
domestic water heating and solar space heating and be able to construct ? working model . 
solar water heater. This knowledge will be evidenced by correctly performing the procedures 
outlined in the assignment and job sheets and by scoring 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student shouW be able to; 

1. Match terms related to active solar heating systems with their correct definitions. * 

2. Complete ajist of statements concerning characteristics --of a thermo-syphon 
domestic hot water system: 

3. Circle ^the words whicb best complete statements concerning characteristics 
of a pumped circ dlgt ion 'domestic hot water system with heat exchanger. 

4. Select true statements concerning characteristics of a pumped circulation domes- 
tic hot water system with freeze control. 

5. Select true statements concerning characteristics of a pumped circulation domes-" 
: tic hot water system with draindown. 4 

" 6. List two arrangements for domestic hot water storage tanks. 

7. Complete a list of statements concerning characteristics of dual domestic hot 
water tanks. 



8. Circle the words which best complete statements concerning characteristics 
of a single storage domestic hot water tank. 

9. Select true statements concerning characteristics of a combined solar space and 
" domestic hot water system. 

10. Complete a list of statements concerning characteristics of a water collection, 
water storage, air distribution space heating system. 

11; Distinguish between a series configuration and a parallel configuration in water 
. collection, wate\storage, water distribution sjaace heating systems. 

12. Complete a list of way? radiant panels are used in water collection, water storage, 
water distribution space heating systems. 
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13. Select true ^statements concerning characteristics of an air collection, solid ma- 
terial storagf, air distribution space heating system. ■ « . : * ' 

14. jComplete a list of characteristics of water collection, w^ter storage, heat p\jmp 
distribution space heating systems. 

15. Distinguish between an air -to-air heat pump and a water-to-air heat pump func- 
tion in a solar space heating system. 

16. Select thie statements concerning steps in the operation bf an air-to-air heat pump 
in a solar heading system. 

*17! Select true statements concerning step* in the operatiort <Jf a water-to-air heat 
^ pump in a solar heating system. 

18. Circle the words which best complete Itatements concerning design considerations 
for piping systems. 

19. Select true Statements concerning design considerations for corrosio^protection. 
20* List four other consiflerations for corrosion [protection. 

2'i# lbl% a problem concerning design considerations for collector cover glazing. 

22. Complete a list of statements concerning requirements for absorber plate insula- 
, tion. _ 

23. Solve a problem concerning high temperature protection and its applications. 

24. Complete a list oMtatements concerning rules of thumb fo/ circulating pumps 
•and solar sVstem ccmtrols. ^ 

25. Solve problems concerning solar domestic water heating Systems. 

26. Solve problems concerning^olar space heating systems. 

27. Demonstrate the ability to construct a working model solar water heater. 
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ACTIVE SOLAR HEAPING SYSTEMS 
UNIT II 

SUGGESTED ACTIVITIES 

1 

Provide student vtith objective sheet. 

Provide student with information, assignment, and job sheets. 

Make transparencies. 

Discuss unit and specific objectives. 

Discuss information and assignment sheets. 

Discuss and demonstrate the procedures outlined in job sheet. 

Send for a copy of Solar Energy Systems to use as a teaching aid; write to: 

Copper Development Association, Inc. 
. 1011 High Ridge Road 
- Stamford, CT 06905 

(NOTE: Much of the information and many of the illustrations in this unit 
were taken from this publication.) 

VIII. Have a local or area architect v^ho has designed a solar system bring the plans to 
. class and discuss planning procedures, system selection; system installation, and 
system maintenance. - ' 

• * « 

IX. Read Job Sheet #1 carefully and arrange to borrow the required chemical glass- 
ware and support equipment from a local high school or college chemistry depart- 
ment. 

X. Iflave a solar dealer bring a solar collector to the classroom, talk about its compo- 
nent structure, and demonstrate its efficiency. 

XI. Invite a solar systems dealer to bring solar components such as valves, solenoids, 
sensors, and dampers to class and talk about their fabrication requirements and 
their functions within a solar system. 

XII. Give test. * 



INSTRUCTIONAL MATERIALS 

\ 

Included m this unit: t k 

A. Objective sheet 

B. Information sheet • • 



t 0 
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Transparency masters 

1. TM 1 -Pressurized Thermo-Syphon DHW System 

2. TM 2--Pumped DHW System with Heat Exchanger 

3. TM 3-Prekurized Pumped DHW System with Freeze Control 

4. TM 4-Pumped Circulation PHW System with Draindown 

5. TM 5--Dual DHW Storage Tanks * 
6. 9 TM 6-Single DHW Storage Tank 

7. TM 7-Combined Solar Space Heating and DHW System 



8. TM $ -Wa^er Collection, Water Storage, Air Distribution Space Heating 
System 

9. TM9--Water Collection, Water Storage, Water Distribution Space 
Heating System 

10. TM 10--Water Collection, Water Storage, Solar Radiant Heating 

11. TM 11 -Air Collection, Solid Material Storage, Air Distribution Space 
Heating System . / 

12. TM 12-Water Collection, Water Storage, Air-to Air Heat Pump Distri- 
bution Space Heating System ^ * 

* i 

13. TM 13--Water Collection, Water Storage, Water-to-Air Heat Pump 
Distribution Space Heating System 

Assignment sheets 

1. Assignment Sheet #1~Solve Problems Concerning Solar Domestic 
Water Heating Systems 

2. Assignment Sheet #2^Solve Problems Concerning Solar Space Heating 
Systems 

E. Answers to assignment sheets 

F. Job Sheet #1 --Construct a Working Model Solar Water Heater 

G. Test 

H. Answers to test 

References: * * 

A. Solar Energy Systems. New York, NY 10174: Copper Development Associ- 
ation, Inc., 1979. 

• 

B. Sheet Metal and Air Conditioning Contractors National Association. Funda- 
mentals of Solar Heating. Washington, D.C. 20545: U.S. Department of 
Energy, 1978. 
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Solar Energy Applications Laboratory, Colorado 'State University. Solar 
Heating and Cooling of Residential Buildings, Sizing, Installation, and 
Operation of Systems. Washington, D.C. 20545: U.S. Department of Energy, 



Solar Energy Project .Reader. Washington, D.C. 20545: U.S. Department 
of Energy, 1979. ... > 

Solar Energy Project .Text. Washington; D.C. 5 20545: U.S. Department of 
Energy, 1979. 

« 

Solar Energy Project, Earth Science Activities, Washington, D.C. 20545: U.S. 
Department of Energy, 1979. 
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ACTIVE SOLAR HEATING SYSTEMS 
UNIT II 



INFORMATION SHEET 



Terms and definitions 

A, . Aggressive water-Highly mineralized local water supplies that have high 
levels of dissolved sulfates and chlorides and high PH values 



maintained by the natural convection currents that are set up wher* water is 
heated 

D. Heat exchanger-A device that absorbs heat and then releases it to complete 
tl\e heat transfer process ^ 

E. Tp:*c-Containing poison 

F. Norioxic-Free of poison 

G. Lobp-A pipe configuration designed to complete a liquid flow from one 
given point to another with interconnections among components in a system 



H. Solenoid-A valve which mechanically or electronically starts, stops, or 
diverts flow, in a system 

I. Sensor--A device which function as a thermostat to detect changes in 
temperature; its on-off functions can be set for minimum low or maximum 
high temperatures 

J. One-way check valve-A valve which permits flow in one direction only 
and prevents flow back to the source 

K. Tandem -Working side by sid» or together 

L. Auxiliary storage-A standby or backup storage facility that permits storage 
of hot water that exceeds the capacity of the prime or system storage facility 

M. Auxiliary heat--A standby or backup gas or electric heating system pro- 
grammed to automatically maintain heating load requirements when the 
solar system fails to meet the required load demands * 

\ 

N. Heat sink-Body which \t capable of accepting, storing, and releasing heat 

0. Corrosion-The eating away or wearing away of metals, especially metals in 
contact with chemicals 

P. Dissimilar metals-Any two metals that have different properties 



C. 



B. DH 




water between a tank and a collector 



INFORMATION SHEET 



Q. Electrolysis~An electro-chemical reaction that causes deterioration when 
two dissimilar metals come in contact 

R, Dielectric-An electric insulator used to control electrolysis at points where 
dissimilar metals meet . * 

S. Closed system-A solar system into which no air penetrates or from which no 
air can be expelled 

T. Open system--A solar system into which air can penetrate or frojn which 
air can be expelled for draindown^or to create a syphon effect 

U. PH--A symbol for the degree of acjdity or alkalinity of a solution; PH is 
measured on a scale of 0, indicating highest acidity, to 14, indicating highest 
alkalinity 

V. Outgassing-The tendency of certain insulating materials to release elements 
of their original composition, especially when exposed to high temperatures 

W. Damper~A mechanical device, sometimes electronically activated, to stop or 
moderate flow within a system 

Characteristics of a thermo-syphon DHW system (Transparency 1) 

A. Most basic of solar water heating systems , 

B. Circulation of water between tank and collector is maintained by natural 
convection currents set up when water is heated 

C. Requires no- heat exchanger 

v 

(NOTE: Because there is no heat exchanger, the same water that circulates 
, through the collector will later appear at the hot water tap.) 

D. When the water in the solar collector becomes hotter than the water in 
the storage tank, it rises to the tank as the colder tank water drops into the 
collect or supply line 

E. When no water is being run at a tap, circulation will continue until tank and 
collector temperature are equalized , j 

F. Rate of flow cannot be controlled 

G. Difficult to provide freeze protection, and system is therefore most appro- 
priate for regions that do not reach freezing temperatures 

Characteristics of a pumped circulation DHW system with heat exchanger (Trans- 
parency 2) » 

A. Collector water is pumped through a closed pipe loop incorporating a heat 
exchanger which is immersed in a storage tank 
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B. The closed collector pipe loop must have an expansion tank and a separate 
•pressure relief valve in addition to the valve on the tank 

C. Because collected heat must be transferred through a heat exchanger, the 
collection fluid must be hotter; this makes the system somewhat less effi- 

* cient than one in which domestic water circulates directly through the 
collector 

D. A check valve in the collector return prevents migration of heat from tank to 
collector by thermo-syphon action on cold nights 

E. Because collector water and domestic water jJq not intermingle, an antifreeze 
solution can be added to the collector water for low-temperature protection 

(NOTE: Check applicable codes for the use of nontoxic and toxic antifreeze 
solutions; single-wall heat exchangers may be required with nontoxic anti- 
freeze, and double-wall heat exchangers may be required with toxic 
antifreeze to provide a double farrier between the toxic antifreeze and 
. potable water.) 

Characteristics of a pumped circulation DHW system with freeze control (Trans- 
parency 3) 

A. System employs a pump but does not use a heat exchanger / 

B. Collector circuit is not sealed off from stored water, and antifreeze cannot 
be used 

« r 

C. Freeze protection is provided by pumping water through ^the system with 
7 ,a rate of flow high enough to prevent freezing 

D. A three-way solenoid valve is the key control element in a pumped circula- 
tion system 

E. During.normal operation, the solenoid valve allows water to circulate freely 
between tank and collector 

F. During normal operation, no cold water is admitted to the system unless a 
hot water tap is opened in the building, ,in which case makeup water enters 
from the supply source 

G. In freezing temperatures, the solenoid valve automatically cuts off the 
storage tank and diverts water from the collector into a dry well or sump, 
setting up a constant flow of wafer from the source throught the collectQr 
circuit and into the sump 

Characteristics' of a pumped circulation DHW system with draindown 3 (Trans- 
parency 4) 

A. System incorporates a circulating pump for collector water, but does 
not employ a heat exchanger 
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B. System employs a temperature sensor affixed to the bottom of the absorber 
plate 

C. When 'the sensor, detects a drop to about 40 # F, it initiates closing of the 
motorized valve in the collector supply 

D. When the motorized valve reaches a fully closed position, it trips an end 
switchr which in turn trips the solenoids of both the dump valve and the air 

' intake valve 

E. Water then drains freely from the collector circuit and out of the system 

(NOTE: This drain off is usually no more than two or three gallons, but it 
does protect all piping exposed to freezing temperatures.) 

<> 

F. Pressurized source water is prevented from flowing to the collector by means 4 
of a motorized valve in the supply line and a one-way check valve in the 
return line 

G. ' When absorber plate temperature rises to a preset difference above storage, 

the motorized valve begins to open, the circulating pump restarts, and the 
dump valve and inlet valve close . 

H. As the collector circuit refills, trapped air is f relieved through the automatic 
vent and normal circulation of collector water is resumed 

Arrangements for DHW storage tanks 

A. Dual solar and conventional tanks 

B. Single storage tanks 

C. Combined solar space and DHW heating systems 
Characteristics of dual DHW tanks (Transparency 5) 

A. A larger tank is connected to the collector loop and stores hot water from 
the collector 

B. In tandum with the larger tank is a conventional water heater with a fossil- 
fuel burner or an electric heating element t 

C. The outlet pipe of the solar storage tank is connected to the cold or inlet line 
of the conventional heater 

D. Any demand for hot water causes the source water pressure to force water 
through the solar storage tank, through the conventional tank, and out to a 
hot water tap 1 ♦ \^ 

E. When the solar-heated water is warm enough, it will move through the 
conventional tank without affecting the thermostat in the conventional tank 
and without requiring additional heat 
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F. Should the conventional tank water drop below a preset temperature, 
it* will cause the thermostat in the conventional tank to trip and energize 
the conventional water heater burner or electrode 

G. JThis configuration allows only the relatively cold water to circulate through 
the collec^r, and this permits the collector to function at a higher efficiency 

Characteristics of a single storage DHW tank (Transparency 6) 

A. * Can provide both solar and auxiliary storage in the same tank 

B. When this system is used, a large tank should be selected 

C. The thermostat of the auxiliary fuel input should be set to maintain a tank 
temperature of about 1 10-120°F 

D. Because the lowest temperature of water that can be circulated back through 
the collector is 110°F, collector efficiency is lowered 

Characteristics of a combined solar space and DHW system (Transparency 7) 

A. Water is heated and stored in a solar storage tank 

B. Makeup water for hot water supply passes through, a heat exchanger in the 
solar storage tank 

C. If the solar storage tank temperature is high enough, cold domestic makeup 
water passing through will pick up sufficient heat to avoid drawing energy 
from the domestic water heater , 

ft. When the temperature of the domestic water tank drops below the storage 
tank temperature, the domestic water is pumped through the heat ex- 
changer, transferring whatever heat is available 

E. When required, an ayinliary heat supply may be programmed to supplement 
DHW requirement^ 

(NOTE: There are many variations;pf combination space and water heating 
systems; sometimes the heat exchanger is placed in the DHW storage tank, 
and it is also possible to combine a space heating system with a two-tank 
* DHW system.) 

Characteristics of a water collection, water storage, air distribution space heating 
system (Transparency 8) 

A. These systems have found wide acceptance because they are simple to 
operate and control V 

8. The circulating pump in Vie collector loop operates whenever collector 
temperature is higher than the temperature of the storage tank water by a 
preset amount 
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C. When the pump stops, water in the collectors and pipe lines drains into the 
storage tank 

0. To permit (he automatic draining process, the return pipe must be coupled 
to the tank in such a fashion that the end of the pipe is kept above the level 
of the stored water or the pipe must be vented by some other means 

E. When the building thermostat calls for heat, a pump circulates stored water 
thrpugh the heat exchanger coil in the return air duct upstream of the 
furnace 

F. As water is being circulated through the heat exchanger, the furnace fan 
begins to draw air through the heat exchanger coil and forces the warmed air 
into the building 

G. As long as the coil continues to maintain supply air temperature high 
enough, the furnace heating element remains off, but when solar supplied 
heat falls short of preset temperature settings, the furnace comes on to 
furnish supplementary heat 

. (NOTE: The placement of thermostats or two-stage thermostats provides 
several variations, in the system described above, and some of these will be 
discussed in a following objective.) 

XI. Differences between- a series configuration and a parallel configuration in water 
collection, water storage, water distribution space heating systems 

A. ' Ttiese systems are highly Suited lor fin tube and radiant panel installations 

B. One configuration for this system is that heat can be supplied by either the 
solar system or the auxiliary boiler working in series 

C. Another' configuration for this system is that heat can be supplied by both 
the solar system and the auxiliary boiler working in parallel 

D. In a series configuration, when the solar storage tank is hot enough to supply 
the heating load, water is pumped from the storage tank through the finned 
tubes and bypasses the boiler (Transparency 9) , 

E. In a series configuration, if the storage tank is not hot enough to supply the 
heating load completely, water is pumped through the boiler and then into 
the finned tubes, bypassing the storage tank 

(NOTE: it is not advisable to pump water from the storage tank, through 
(the boiler, and then through the finned tubes; this wp<nd actually use more 
auxiliary energy and defeat the purposes of the solapromponent.) 

F. In a parallel configuration, if the heating requirement can be supplied 
by the water from the solar tank, the auxiliary boiler does not operate 
(Transparency 9) 
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G. In k parallel configuration, when more heat is required than the solar system 
can supply alone, the boiler kicksjn to supplement the solar heat 

H. The parallel configuration permits lower temperature water in the solar 
system to be used to supply a portion of the heating load and actually 
contributes to ^higher collector efficiency and more usable solar energy 

(II. Ways^ radiant panels are used in water collection, water storage, water distribution 
Q space heating systems (Transparency 10) 

A. Radiant panel heatjng systems employ copper tubes embedded in concrete 
floor slabs and in wall and ceiling construction 

B. Floor installations are the most common with copper coils embedded in 
concrete with one inch or more of concrete above the tubes and never 
less than an inch of concrete below the tubes 1 

^ (NOTE: For slab oc grade construction, insulation is imperative beneath 
the slab; it is also important to insure that ground water will not carry away 
heat.) 

C. Ceiling and wall panels are usually embedded in piaster 

D. Wall panel installations require heavy insulation to reduce heat loss to the 
ouside 

» 

(NOTE:. Centering coils 'between rooms or floors is not recommended 
because it usually results in poor heat transfer and lack of room temperature 
control,) 

II. Characteristics of an air collection, solid material storage, air distribution space 
h#ating system (Transparency 11) 

A. When heat is available for collection, but there is no heat demand in the 
house, the collector circulation fan begins to draw air down through the 
storage container 

B. Motor operated damper number 3 is open whenever the collector fan is 
qfi|PBting and closed at all other times 



The top portion of the storage container contents will heat first, and the 
heat will extend downward as more energy is collected 

(NOTE: Motor operated damper number 4 is normally open.) 

When no heat is being collected, but is called for in j?he building, the centrif- 
ugal fan in the auxiliary heating system begins operation and signals dampfrs 
1 and 2 to open 

(NOTE: These "dampers are closed unless the centrifugal fan is working.) 
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E. Return air is drawn upward through the storage container, exits at maximum 
temperature, and is circulated through the building 

* * 

F. When the heating load cannot be supplied by the solar system, the auxiliary 
heating system comes on # 

G. When there is a. simultaneous collection of energy and demand for heat 
by the building, motor operated damper 4 is closed 

(NOTE: Damper 4 is open unless both collection and distribution fans are 
operating simultaneously.) \ 

H. Air is circulated directly from the collector to the building 

(NOTE: Air-rock systems do have limitations that require special design 
considerations; these will be covered irta later objective.) 

XIV. Characteristics of water collection, water storage, heat pump distribution space 
• * heating systems 

A. The electrically driven heat pump enhances the flexibility and efficiency 
of solar systems 

B. A heat pump has the capability of extracting heat from a cooler source 
and increasing it to a higher temperature, thereby increasing the thermal 
gradient 

C. A heat pump oan extract useful heat from the solar storage system even 
when the temperature has fallen below room temperature 

XV. Differences between an air-to-air heat pump and a water-to-air heat pump func- 
tion in a solar space heating system 

A. In an air-to-air heat pump, when heating is required, the heat pump extracts 
heat from one air source (usually the outside air), increases its temperature, 
and warms the room air (Transparency 12) 

^B. In a water-to-air heat pump, when heating is required, the heat purop ex- 
tracts heat from the storage water, increases its temperature, and warms the 
^ room air (Transparency 13) 

XVI. Steps in the operation of an air-to-air heat pump in a solar heating system (Trans- 
parency 12) 



-air heat pumo »r 

N ) 

ectly from stor» 



A. All solar heating is done directly from storage Without the aid of the heat 
pump, but the heat pump fan is used to circulate room air over the heat 
exchange coil » 

B. If heat available from solar storage is insufficient, the heat pump begins to 
operate, supplying additional heat to the air 
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C. Although this does not permit stored solar energy to be usejtlWtowJthe space 
temperature, it greatly reduces operational time of the toSatpump'and saves 
mucrtfiectricity that would otherwise be used to operate the heat pump 
comjBfeor 

(NOTE: There are other configurations in using a heat pump with a solar 
system; some permit the heat pump to extract heat from water or solid 
storage at temperatures below the room temperature, but these systems 
are complex and requlrfe many automatic controls.) ' 

Steps in the operation of a water-to-air heat pump in a solar heating system 
(Transparency 13) 

A. When the solar storage tank temperature is over a preset point (usualfy 
- 90°F), storage is used directly for space heating with the.heat pump fan 

circulating the room air over the solar water coil 

B. When the storage tank temperature falls jpelow the temperature needed 
for heating, the control valvfe changes position and circulates the storage 
water into the heat pump 

C. When the water flow to the heat pump has been proven by a flow switch, 
the he^t pump compressor begins to operate, extracting heat from the 
water and increasing its temperature; it is then used* for warming room 
afr 

♦ 

D. This procedure continues until the heating load has been satisfied or storage 
tank temperature drops to the lower operating limits of the heat pump 
(usually about 60*F) 

E. Sometimes, other water supplies of appropriate temperature can be used 
when usable heat in the solar storage tank has been exhausted 

F. An auxiliary heat supply is usually required with a water-to-air heat pump 
solar system 

Design considerations for piping systems 

A. Corrosion is the biggest enemy of piping systems and other solar components 

B. It is imperative, from a corrosion standpoint^ that the fluid passages in the 
absorber plate be compatible with the materials used for piping, storage 
tank, pump, and valve bodies ) 

C. All piping should be pitched from the high point of the system to insure 
complete drainage when necessary 

0 . 

D. In systems with drainage as freeze protection, the piping should be pitched 
at a minimum of 1/8 Inch per 1 foot of run to insure that fluid will drain • 
completely 
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E. Start up of all liquid-carrying systems should include a flushing operation to 
remove dirt and debris accumulated during fabrication and installation 

(NOTE: Follow maAufacturqr's recommendations carefully when flushing 
systems which use<a heat transfer fluid other than water.) 

XIX. Design considerations for corrosion protection 

A. Corrosion protection has three major concerns in me4l collector systems: 

1 . Corrosion between dissimilar metals 

2. Use of corrosive liquids 

3. Presence of air in the system 

B. When dissimilar metals are used in the presence of moisture, corrosion 
can occur; this is true even of copper when used with another metal 

. _ Example: If oqpper tubes are used to connect aluminum collectors, the 
collectors soon develop pits in the aluminum fluid tubes and 
leaks develop 

C. In a solar system with a 'circulating fluid, it is not sufficient simply to use 
dielectric fittings to separate dtoi milar metals arKTc&ntrol electrolysis 

Example: Copper ions can be carried by the fluid and derfpsited on other • 
r metal and cause pitting 

D. Although it is difficult to exclude bronze valves and pump impellers from 
collector systems, as a general rule, it is best not to vt$x metals 
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XX. Other considerations for corrosion (detection 

A. Check the local water supply for PH level (Figure 1)' 

(NOTE: Some areas have "aggressive" waters whijch are highly mineralized, 
* have a high level 6f dissolved sulfates Jhd chlorides, have PH values above 
7.3, high carbon dioxide content, and the presence of dissolved oxygen gas.) 
FIGURE 1 
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B. A trouble free history of copper plumbing in th$ locality can usually be 
taken as evidence ihat th^water is not aggressive to copper, but it may be 
aggressive to other metals ' 

C. When there is a question concerning the presence of aggressive water, the 
writer should ^be chemically anflyzed, and a; treatment engineer should 
be consulted to prescribe ways to make and keep the water nonaggressive 



D. When aaiifrieze tik spec fa I fteat transfer fluijs ire added to the* 4 water, 
it increffis the potential for corrosion 

E. Ami-freezes which are propylene glycol (nontoxic) .or .ethylene glycol 
(toxic) based are the two major types Of anti-freeze used with water in solar 
collectors 

F. Pcopylene glycol^ is claimed to be nontoxic and should be used in DHW 
. systems unless a double walled heat exchanger is employed 

• G. Anti-freeze solutions usually require the addition of corrosion inhibitoryand 
buffers for PH, and all anti-freeze solutions should be monitored and repten- 
ished as required f 

XXI. Design considerations for' collector cover glazing (Figure 2) * 

A. When using glass cover plates, tempered glass with ground edges should be 
specified land recommendations for maximum permissatye spans should be 
- carefully followed 

1 ■ - ■ * - • 
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B. "VVhen two glass plates are hermetically sealed, the^ must have the same 

physical characteristics 

Example: A 3/32-inch-thick glass inner plate should not be used with a 3/16- 
in^h-thick tempered cover plate; this would exert substantial 
* intehjal pressure on the glazing * 

C. Thin sheets of plastic film can be used for cover plates in certain applications 
and offer the advantage of light weight, low c£st, and increased fracture 
resistance 

D. Plastic selected should have proven long-term resistance to ultraviolet. radia- 
tion breakdown 4 • 

E. Additional cover layers reduce heat loss, but there is a point where addi- 
tional glazing actually.diminishes collector efficiency 

FIGURE 2 § * 
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XXII. 



XXII 



Requirements for absorber plate insulation 
A 



B. 
C. 
D. 
E. 



Since absorWr plates frequently reach' temperatures of more than 2dO°F, 
they must be insulated to maximize energy collection from the plate 

The back of the collector is typically insulated with a 3 to 4-inch thick 
fiberglass blanket • 

Most foamed urethankiosulation currently available undergoes volumetric 
expansion/at temperatu^s over 250°F ai\d should be used with care, if at all 

Other insulations have problems with the outgassing of volatile elements 
which can lead to corrosion and otfjer collector problems 

Insulation selected t should be evaluated according to application negds 



FIGURE 3 
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High temperature protection and its applications 

A. Should fluid circulating through an absorber plate stop while the sun is 
shining, the solar collector can reach temperatures high enough to damage if 
this condition is known as stagnation 

(NOTE: To avoid collector damage, the collector frame, piping connections 
and insulation must be able to withstand high temperatures.) 

B. When cooler fluid is pumped into a collector in a condition of stagnation, 
the resulting thermal shock can cause the collector to buckle and the glazing 
to break 

C. High temperature protection serves to solve problems of stagnation and 
thermal shock in several ways: 

1. One method uses a temperature sensor on the back of the collector 
plate to actuate a cutout relay in the power supply to the circulating 
pump; when the collector plate reaches a preselected temperature, 
power to the pump is cut off preventing circulation of the collector 
fluid 
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2. Another method- employs a timing device that prevents automatic 
restarting of the pump in the event of a power failure lasting more than 
a minute or two 

3. Still another method employs a temperature sensor to prevent pump 
operation when a preset temperature differential exists between the 
collector plate and the circulating fluid 

* (NOTE: This is an expensive method and is seldom used in residentiat 

applications.) 

Rules of thumb for circulating pumps and solar system controls^ 

A. Pumpsjordinarily selected for residential and small solar applications should 
be centrifugal types with mechanical shaft seals or totally sealed units 

B. Pumps may be close-coupled, in-line, or base-mounted 

C. Pump should have a proper^combination of flow rate and lift characteristics 
for the application 

(NOTE: Typically, a pump should provide a flow rate of one to three 
gallons of water per hour, per square foot of collector surface.) 

D. In open systems, pumps must have sufficient lifting capacity to raise water 
from the storage tank to the top of the collector 

(NOTE: In closed systems which have high lifting requirements and low 
flow quantitites, ,two smaJI pumps connected in series may be a better 
alternative to overcome friction losses through the piping,) 

E. In most small solar systems, the pumps will not exceed 1/4 to 1/3 horse- 
power and may be as small as 1/6 to 1/20 horsepower in closed systems 

■a 

l F. When centrifugal pumps are used, it is essential that they operate with a net 
positive suction head 

(NOTE: This can be accomplished by connectipg the pump through the 
storage tank wall below the water level in the tank; this means there will 
always be a positive head of water in the tank above the pump.) 

G. The circulating pump in the collector loop is normally started or stopped by 
means of a differential temperature control which actuates the collector 
pump when the collector temperature is higher than the tank water tempera- 
ture, and shuts the collector pump off when the collector water temperature 
approaches the tank temperature 
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Water Collection, Water Storage, 
Air Distribution Space Heating System 
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ASSIGNMENT SHEET #1~S0LVE PROBLEMS CONCERNING 
SOLAR DOMESTIC WATER HEATING SYSTEMS 



What would be the least expensive solar domestic water heating^ system in a situation 
yvhere hot water demands are medium, as opposed to high, and in a region where 
temperatures do not rearti the freezing point?. 

Answer : v 

'Whst can be added to collector water to provide Ibw-terhperature protection in a solar 
domestic hot water heating systerti employing ppmped, circulation with ^ heat ex- 
changer? • r 

Answer ^ * t ' \ , 

In a solar domestic hot watel^heating system that- employs pumped circulation with 
freeze control, antifreeze cannot be used; how is freeze protection provided? 

Answer * * , - 

; ; — " : — ! ~ 

Single storage solar domestic hot water tanks .are practical because they provide both 
solar and auxiliary storage in the same tank,.but what precaution should be taken when ' 
planning such a system? 

it . 

Answer ^ ; \ - , 

Certain configurati6ns of dual solar domestic hot water tanks allow only relatively cold 
water to circulate through the collector; does this afford higher or lower collector 
efficiency? * " * 

Answer 
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ASSIGNMENT SHEET #2-S0LVE PROBLEMS CONCERNING 
SOLAR SPACE HEATING SYSTEMS 



Of the several available solar space heating system designs, which system has found 
wide acceptance because it is simple to operate and control? 

Answer _^ ~_ ? 

A heat pump has the capability of extracting heat from a cooler source and increas- 
ing^ it to a higher temperature; how does this capability affect a water collection, 
water storage, heat pump distribution space heating system? 

Answer ^_ 

Where are radiant panels most frequently installed wheri they are used in a water 
coflection, water sitorage, water distribution space heating system? 

Answer \_ 

What happens in an air collection, solid material storage, air distribution space heating 
system when the heating load demands cannot be met by the solar system? 

Answer 



* 
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ANSWERS TO ASSIGNMENT SHEETS 



Assignment Sheet #1 

A. A thermo-syphon system * 

B. Antifreeze ! 

C. By pumping water through the^ system with a rate of flow high enough to prevent 
freezing 

D. A large tank should be selected 

E. Higher efficiency 

Assignment Sheet #2 

A. A water collection, water storage, air distribution system 




iseful heat from the solar ftorage system even when 



D. TRe auxiliary heating system comes on 



i- 
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ACTIVE SOLAR HEATING SYSTEMS 
UNIT II 



JOB SHEET #4 -CONSTRUCT A WORKING MODEL SOLAR WATER HEATER 

I. Tools and materials c 
A. 1 shallow cardboard box 



D. .1 ring stand 

E. 1 large clamp , | 

F. 1 condensation column 

G. 1 pinch-cock % 1 

H. I Celsius thermometer 

I. 1 50 milliliter (ml) bearer 

J. 1 cork stopper j 

K. 1 funnel 

L. 1 can of flat black paint and a paintbrush , 

M. Paint thinner and a clean cloth 

(NOTE: fhe ring stand, clamp, condensation column, pinch-cock, beaker, 
stopper, and funnel should be available in the chemistry department at your 
- local high school.) ! 

II. Procedure 

A. Assemble the apparatus for your solar water heater according to'the diagram 
iri Figure 1 



C. 



B. 



1 sheet of glass large enough to cover the box 
20 feet of black rubbe^tubing # 
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B. Fill the entire unit with water (Figure 1) 



(NOTE: Be sure the tubing, combination condensation column and storage 
tank are completely filled.) 



completely 
FIGURE 1 
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SOLAR WATER HEATER 



C. Drain off 50 ml of water from the tap and record the temperature an the 
data chart that accompanies this job sheet 

D. Pour the water back into the funnel 

E. Place your cardboard box solar collector in the sun and record the tempera- 



ture of the water each minute for a period of 20 minutes 



/ 



slOTE: This means you will have to draw a water sample from the system 
fofc each check, but be sure to pour each sample back into the system.) 



G. 




Lefcord your data on the data chart 
Drain the entire system 

H. Paint the cardboard box bl^ck and allow it to dry 

I. Clean the paintbrush while you are waiting for the paint to dry 
■ *,*«■' 

Refffeat steps B through F with the black cardboard box solar collector 
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JOB SHEET #1 

\ DATA CHART 

UNPAJ.NTED BOX: INITIAL WATER TEMPERATURE 
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s - ■__ _•' ■. is 

9 . ■ : _^ .' .19 

10 ' : ' • ;• 20 . 
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JOB SHEET #1 

* 

Record y^ur data on the data chart 
Drain the entire system 

Return tools and materials to proper storage area 
Answer the following questions: 
1. Why should a black rubber tube be used in this activity? 



2. How did painting the collector box black affect the temperature of the water? 



3« What part of the system wou^d be the same as the cold water Supply pipe in 
• your home hot water unit? «_ L ^ ; 



4. The apparatus you've been working with has been termed a solar water heater ; 
cpuld it^also be called a solar system? ^ ^ 

5. ' Explain your answer to question 4. L *• 



6. List at least two things you could do to improve the efficiency of the solar 
collector you've been wording vjtfth. 



mVE SOLAR HEATING SYSTEMS 
UNIT II 



NAME 



TEST 



1 . Match the terms on the right with their correct definitions. 



a. Highly mineralized \local water supplies 
that have high levelsW dissolved sulfates 
and chlorides and high PM values 



_b. Domestic hot water 

jr. The circulation of water ^between a tank 
and a collector maintained \by the natural 
convection currents that arev set up whejf 
water is heated 

_d. A device that absorbs heat and th^n releases it 
to complete the heat transfer proceS 



e. Containing poison 

f. Free of poison 



\ 



_g. A pipe configuration designed to complete 
a liquid flow from one given point to another 
with interconnections among components in a 
system ' 

_h. A valve which mechanically or electronically 
starqp, stops, or diverts flow in a system' 

J. A device which functions as a thermostat 
to detect changes in temperature; its on-off 
functions can be set for minimum low or 
maximum high temperatures 

it 

J. A valve which permits flow in one direction 
. only and prevents flow back to the source 

Jc. Working side by side or together 

J. A standby or backup storage facility that 
permits storage of hot water that exceeds 
the capacity of the prime or system storage 
facility- 

jn. A standby or backup gas or electric heating 
system programmed to automatically ♦main- 
tain heating load requirements when the solar 
system fails to meet the required load de- 
mands 



1. Auxiliary heat 

2. Corrosion 

3. PH 

4. Nontoxic 

5. Tandem 

6. Aggressive water 

7. Heat exchanger 

8. Damper 

_ 9. Open system 

10. DHW ; 

11. Toxic 

12. One-way check 
valve 

13. Sensor 



n. Body which is capable of accepting, storing, 
and releasing heat 

o. The eating away or wearing away of metals, 
especially metals in contact with chemicals 

p. Any two metals that have different properties 

_q. An electro-chemical reaction that causes 
deterioration when two dissimilar metals 
come in contact i 

r. An electric insulator used to control electrol- 
ysis at points where dissimilar metals meet 

s. A solar system into which no air penetrates 
or from which no air can be expelled 

t. A % solar ■ system into which air can penetrate 
of from which air era be expelled for drain- 
ddwn or to create a srohon effect 



14. 


Outjgassing 


15. 


Thermo-syphon 


16. 


Loop 


17. 


Closed syphon 


18. 


Solenoid 


19. 


Electrolysis , 




A 1 1 vi lis rv/ 
nUAl 1 101 y 






21. 


Heat sink * 


22: 


Dielectric , 


23. 


Dissimilar 




metals 



u. A symbol for the degree of acidity or alkalini- 
ty of a solution; PH is measured orva scale of 
0, indicating highest acidity, to 14, indicating 
highest alkalinity 

v. The tendency of certain insulating materials 
to release elements of their original composi- 
tion, especially when exposed to high tempera- 
tures 

w. A mechanical device, sometimes electronically 
activated, ,to stop or moderate flow within 
System ^ 



2.\Complete the following list of Statements concerning characteristics N of a thermo- 
syphon D HW system. 

of I [ 



V 

b. 

c. 
d. 



Most basic • 



heating systems 



Circulation of water between tarlk and collector is maintained by natural convec- 
tion currents set up when water is heated ■ ' 

* 

Requires no 



f. 



When the water in the solar collector becomes hotter than the water in the storage 
tank, it rises to the tank as the cglder tank water drops into the col lector supply 
line 

When no water is being run at a tap; circulation will continue urttil tank and 
1 collector temperature are 

Rate of flow ' . be controlled 

Difficult to provide freeze protection, and system is therefore most appropriate 
for regions that do not reach freeiingtemperatures 
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Circle the words which best complete the fojlowing statements concerning characteris- 
tics of a pumped circulation domestic hot water system with heat exchanger. 

a. (Domestic, Collector) water is pumped through a closed pipe loop incorporating a 
heat exchanger- which is immersed in a storage tank 

b. The closed collector pipe loop must have a/an (expansion storage) tank and 
a separate pressure relief valve in addition to the valve oryhe tank 

c. Because collected heat must be transferred through a heat exchanger, the collec- 
tion fluid musjjt be (hotter, cooler); this makes the system somewhat less efficient 
than one in which domestic water circulate* directly through the collector 

d. A (relief, check) valve in the collector return prevents migration of heat from tank 
to collector by thermo-syphon action on cold nights 

e. Because collector water and domestic water do not intermingle, an antifreeze 
solution can be added to the (domestic, collector} water for low-temperature 
protection 

Select true statements concerning characteristics of a pumped circulation domestic 
hot water system with freeze control by placing an "X" in the appropriate blanks. 

a- System employs a heat exchanger but does not use a heat pump 

b - Collector circuit is not sealed off from stored water, and antifreeze cannot 

be used ^ 

c - Freeze protection is p/ovided\by pumping water through the system with 

a rate of flow high enough to orevent freezing 

d- A two-way solenoid valve is the key control element in a pumped circulation 

system 

e- During normal operation, the solenoid valve allows water to cirSblate freely : 

. between tank and collector 

f - During normal operation, cold water is admitted to the system unless a 

hot WBter tap is opened in the building, in which case makeup water enters 
from the supply source i > 

0 

9- In freezing temperatures, the solenoid valve automatically opens in the 

storage tank and diverts water ,from the collects into a dry well or sump, 
setting up a constant flow of water from the source through the collector 
circuit and into the sump 

Select true statements concerning characteristics of a pumped circulation domestic 
hot water system with draindown by placing an "X" in the appropriate blanks. 

a - System incorporates a circulating pump for collector water, but does not 

employ a heat exchanger 

*>• System employs a temperature sensor affixed to the bottom of the.circulat- 

r ingpump \ 



c When the sensor detects a drop to about 40 # F, it initiates cldsing of the 

motorized valve in the collector supply u T 

' * 1 
_ d - When the motorized valve reaches a fully closed position, it trto* an wd 

switch which in turn trips the solenoids of only the dump valve ahd not the 
air intake valve \ 

» i 

e - Wat cr then drains freely from'the collector circuit and out of thte system 

f - Pressurized source water is prevented from flowing to the collector by 

means of a motorized valve in the supply line and a one-way check valve 
in the return line * % T 

I 

9- When the absorber plate temperature rises to a preset difference! above 

storage, the motorized valve begins to open, the circulating pump restarts, 
and the dump valve and inlet valve open 

h > As th e collector circuit refills, trapped air is relieved through the automatic 

vent and normal circulation of collector water is resumed 

6. List two arrangements for domestic'hot water storage tanks. \ 

a- . - ; f 

1 \ 

b - : : L_ 

7. Complete the following list of statements concerning characteristics of dual domestic 
hot water tanks. . . ^ 

1 

a, A larger tank is connected to the collector loop and stores hotwater from t^e 

" ~~ \ 

b. In tandem with the larger tank is. a conventional water heater with a fossil-fuel 
burner or an __ - 1 

~ ~~ ~ ' \ 

0 T ^ e [ : of the solar storage tank i 

connecteoto thte cold or inlet line of the conventional heater - ^ 

d. Any demand fdr hot water causes the source water pressure to force water 
through the solar storage tank, through the conventional tank, and out to a 
hot water tap 

e. When the • . water is warm enough, it will 

move through the conventional tank without affecting ~tfie thermostat in the 
conventional tank and without requiring additional heat 

f. Should the conventional tank water drop below a preset temperature, it will 
cause the thermostat in the conventional tank to trip and energize the conven- 
tional water heater burner or 

* 

g. This configuration ajlows only the relatively cold water to circulate through the 
collector, and thrs permits the collector to function at " . * 



8. Circle the words which best complete the following statements concerning characteris- 
tics of a single storage domestic hot water tank. 

> a. 3Can; Cannot) provide bothFsolarand auxiliary stdtage in the same tank ^ 

b. When this system is used, a (small, largelt^nk should be selected 

y6. The thermostat ,of the auxiliary fuel input should be set to maintain a tank 
temperature of about (,100-110'F, 110 120 F) , * 

d. Because the lowest temperature of water that can be circulated back through 
^thecollflctor is 1 KfP, collectorefficiendV is (increased, lowered) 1 

19. Select true statements concerning characteristics af a combinfed solar, space and domes- 
tic hot water system by placing an "X" in the appropriate blanks. 

» 

_a- Water is heated and stored in a solar storage tank 

b - Makeup v\|ater for hot water supply pakses through a heat exchanger in 

the solar stnranp tank 



the solar storage tank 

_c. If the sotar storage tank temperature is high enough, cold dflfaestic makeup 
water passing tHrbugjh. will pick up sufficient heat to^void drawing energy 
vjrom the domestic water heater . * 

_d.(When the temperature of the domestic water tank goe$ above the storage 
tank temperature, the domestic water is pumped through the heat exchanger, 
transferring whatever heat is available ' 

e - An auxiliary heat supply Icannot be programmed to supplement DHW 

requirements 

&• Corapiet^theVollowing list of statements ccmcefning chara^eristics, of a water qollec- ' 
t ion, water stdf age, air distribution space heating system. 



a. These systems ha\(e found wide acceptance because they are 



The circulating pump in the collector loop operates whenever polleaor tempera- 

ture is _^ i_ than the temperature of the storage tank water by a 

preset amount * 



c. Vyhe^/the piump stops, water in the collectors and pipe lines drains into the 

To permit the automatic draining process, the returrt pj pe must be coudled 
to the tank in such a fashion that the end of the pipe is kept tJ \ 

* of the stored water or the p&pe mast be vented by sotae 



other means 



'When the building thermostat calls for heat, a p,ump circulates stored water' 
through the heat exchfnger coil in the return air ductijpstream of the ^ 
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f. As water is being circulated through the heat,exchanger, the furnace 'fan begins to * 
, draw air through the heat exchanger coil and forces the warmed air into the 

building 

g. As long as the coil continues to nfckjtfain supply air temperature high enough the ■ 

furnace heating element remains off, but when 

falls short o4 preset temperature settings, the furnace comes on to furnish sud- 
plementary heat K 

fl . Distinguirfi between a series configuration and a parallel configuration in water collec- 
tion water storage, water distribution space heating systems by placing an "X" next to 
the descriptions of a series configuration. 

a. Highly suited for fin tube and radiant panel installations 

b > 0ne Configuration for this system is that heat can be supplied by either tbfe 

solar system or the auxiliary boiler 

c - Another configuration for this system is that heat can be supplied by both 

the solar system and the auxiliary boiler 

d - When the solar storage tank is hot enough to supply the heating load, water 

is pumped from the storage tank through the finned tubes and bypasses the 
9 % boiler f 

• « 

e. If the storage tank is not hot enough to supply the heating load completely, 

j water is pumped through the boPler and then, into the finned tubes, bypass' . 

ing the storage tank 

f - lf the heating requirement 'can be supplied by the water from the solar 

tank, the auxiliary ^oiler does not operate 

9- When more heat is, required than the solar system can supply, alone, the' 

, . boiler kicks in to supplement the solaf heat 

h - Permits lower temperature water in the solar system to be used to supply a 

s portion of' the heating load and actually contributes to higher collector 
efficiency and more usable solar energy 

12., Complete the following list of ways radiant panels are used in water collection, water 
^ ^ * storage, water distribution space heating systems. 

a. Radian^pSnel heating systems employ copper tubes embedded in concrete floor 
slabs $nd in wall and ceiling construction 

b. Floor* installations are the most common with copper coils embedded in concrete 
l • with •'or more of concrete above, the tubes and 

never less than an^inch of concrete below the tubes 

'c. CeiJing and wall panels are usually embedded in_^ s . 



d. Wall panel installations require m t0 re duce 

heat lossjtd\£he outside ' 
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13. Select true statements concerning characteristics of an air Collection solid material 
storage, air distribution space heating system. / 

' ' J When h eat is available for collection, but there is no heat demand in the 

house, the collector circulation fan begins to draw air down through the 
storage container J 

b « Motor operated damper number 3 is closed whenever the collector fan is 

operating and open at all other times 

c - The bottom portion of the storade container contents will heat first, and the 

heat will extend upward as more energy is collected 

- d - When n o heat is being collected, but is called for in the btyiiding, the centrif- 
ugal fan in the auxiliary heating system begins operation and signals dampers 
1 and 2 to open 

e - Return air is drawn upward through the storage, exits at maximum tempera- 
ture, and is circulated through the building 

* 1 • m* 

f - When the heating loartcannoj be supplied by the solar system, the auxiliary 

heating system comes on 

9- When t. h ere is a simultaneous collection of energy and demand for heat 

by a building, motor operated damper 4 is open 

h - Air is circulated directly from the collector to the building 



14. Complete the following list of characteristics of water collection, water storaqe heat 
pump distribution space heating systems. 

a. The electrically driven heat pump enhances the flexibility and efficiency of 

b. A heat -pump has the capability of extracting heat from a cooler source and 
increasing it to a higher temperature, thereby increasing the 

c. A heat pump can extract usefuf heat from the solar storage system even-when 
•the temperature has ; room temperature 

15. Distinguish between an air-to-air heat pump and a water-to-air heat pump function 

- in a solar spaoe heating system by placing an "X" next to the function of an air-to-air' 
heat pump. » 



_a.. When heating is required, the heat pump extracts heat from the storage 

water, increases its temperature, and warms the room air 

_ — _b. When heating is required, the heat pump extracts heat from one air source 
(usually the outside air),' increases its temperature, and warms the room air 

16. Select true statements concerning steps in the operation of an air-to-air heat pump in a 
solar heating system by placing an "X" in the appropriate blanks. 

_a. All solar heating is done directly from storage without the aid of the heat 

, pump, but the heat pump fan is used to circulate room air over the heat 

\ , ^ exchapge coil * , 



j b. If heat available from solar storage is insufficient, the heat pump begins to 

operate, supplying additional heat to the air . 

' __c. Although {his does not permit stored solar energy to be used below the 

space temperature, it greatly reduces operational time of the heat pump 
and .saves 'much electricity that would otherwise be ustfd to operate the 
heat pump compressor 

17. Select true statements concerning steps in the operation of a water-to-air heat pump in 
a solar heating system by placing an "X" in the appropriate blanks. 

a. When the solar storage tank temperature falls below a preset point (usually 

90°F), storage is used directly for space heating with the heat pump fan 
circulating the room air over the solar water coil 

b. When the storage tank temperature is over the temperature needed for 

heating, the control valve changes position and circulates the storage water 
into the heat pump s 



c. Wh'en the wa^er flow to the heat pump has been proven by a flow switch, 
the heat pump compressor begins to operate, extracting heat from the 
water and increasing its temperature; it is then used for warming room air 

ir 

d. This procedure continues until the heating load has been satisf ied or storage 
tank temperature drops to the lower operating limits of the heat pump 
(usually about 60°F) 

_e.- Sometimes, other water supplies of appropriate temperature can be used 
when usable water in the solar storage tank has been exhausted 

f. An auxiliary heat supply is usually required with a water-to-air heat pump 



solar system ) 

18. Circle the words which best complete the following statements concerning desjgn 
considerations for piping systems. 

a. (Corrosion, Freezing) is the biggest enemy of piping systems and other solar 
components 

b. It is imperative, from a corrosion standpoint, that the fluid passages in the (col- 
lector, absorber plate) be compatible with the materials used for piping, storage 
tank, pump, and valve bodies 

# 

c. All (pumps, piping) should be pitched from the high point of the system to 
insure complete drainage when necessary # 

d. In systems with drainage as freeze protection, the piping should be pitched 
at a minimum of (1/2, 1/8) inch per 1 foot of run to insure that fluid will drain 
completely - 

i 

e. Start up of all liquid-carrying systems should include a flushing operation to 
remove (water and air, dirt and debris) accumulated during fabrication and 
installation 

O'l * 
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19. Select true statements concerning design considerations for corrosion protection 
by placing an "X" in the appropriate blanks. 

a. Corrosion protection has three major concerns in metal collector systems: 

1 ) Corrosion between dissimilar metals ♦ 

2) Use of corrosive liquids 

3) ^ Presence of air in the system 

b. When dissimilar metals are used in the presence of moisture, corrosion 

can occur; this is true even of copper when used with another metal 

c - ' n a solar system with a circulating fluid, it is sufficient simply to use dielec- 
tric fittings to separate dissimilar metals and control electrolysis 

d. Although it is difficult to exclude copper valves and pump impellers from 

collector systems, as a general ruje, it is best to mixjnetals , 

20. ^W5t four other considerations forcorrosion protection. 

c 



b. 



c. 



d. 



21. Solve the following problem concerning design considerations for collector cover 
glazing: Additional layers of cover glazing ceduce heat loss in a collector; why not keep 
addirtg glazing to make the collector even more efficient? * 



22. Complete the following list of statements concerning requirements for absorber plate 
insulation. 

a] ¥ Sjnce absorber plates frequently reach temperatures of more than 200 # F, they 

must be insulated to — f . * f rom 

the. plate ' n m 

b. The back of the collector is typically insulated with a 

thick fiberglass blanket "~ 
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C- Most „ , insulation currently available under- 
goes volumetric expansion at temperatures of 250°F and should be used with care, 
if at all 

d. Other insulations have problems with the outgassing of volatile elements which 
can lead ta corrosion and 



e. Insulation selected should be evaluated accord^ to application needs 

23. Solve the following problem concerning high temperature protection and its applica- 
tions: When cooler fluid is pumped into a collector in a condition of stagnation, what 
usually happens? 
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24. Complete the following list of statements concerning rules of thumb for circulating 
pumps and solar system controls. 

a. Pumps ordinarily selected for residential and small solar applications should be 
centrifugal types with mechanical shaft seals or 



b. Pumps may be close-coupled, in-line, or 



c. Pump should have a proper combination of 
and lift characteristics for the application 



d. In _ | , pumps must have sufficient lifting 

qapacity to raise water from the storage tank to the top of the collector 

e. In most small solar systems, the pumps will not fflfceed 1/4 to 1/3 horsepower 
and may be as small as 1/6 to 1/20 horsepower in __ 

f. When centrifugal pumps are used, it is essential that they operate with a net 
positive suction head ' . 

• 9- The - I in the collector loop is normally 

started or stopped, by means of a differential temperature control which actuates 
the collector pump when the collector temperature is higher than the tank water 
temperature, and shuts the collector pump off when the collector water tempera- 
ture approaches the tank temperature 

25. Solve probiem^oncerning solar domestic water heatigifsystems. 

26. Solve problems concerning solar space heating syster 

27. Demonstrate the ability to construct a working model solar water heater. 

(NOTE: If these activities have not been accqmplished p/ior to the test, ask your 
instructor when they should be completed.) j 

r . 
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ACTIVE SOLAR HEATING SYSTEMS 
UNIT II 
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ANSWERS TO TEST 



4. 
5. 
6. 



a. 


6 


g- 


16 


m. 


1 


s. " 


17 


b. * 


10 


h. 


18 


n. 


21 


t. 


$ 


c. 


15 


i. 


13 


0. 


2 


u. 


3 


d. 


7 


j- 


12 


P- 


23 


V. 


14 


e. 


11 


k. 


5 


q- 


19 


w. 


8 


f. 


4 


I. 


20 


r. 


22 






a. 


Solar water 















c. Heat exchanger 

e. Equalized 

f. Cannot 

a. Collector 

b. Expansion 

c. Hotter 

d. Check 

e. C6 Hector 

b, c, e 
a, c, e, f, h 

Any two of the following: 

a. Dual solar and conventional tanks 

b. Single storage tanks 

c. Combined solar space and DHW heating systems 



7. a. Collector 

b. E lectric heating element 

c. Outlet pipe 

8. a. Can 

b. Large 

c. 110-12(TF 

d. Lowijed . 

9. a, b, c 

10. a. Simple to operate and control 

b. Higher 

c. Storage tank 

11* a,b, d,e 

12. b. One inch 

c. Plaster 

d. Heavy insulation 



e. 
f. 

g. 



Solar-heated 
Electrode 

A higher efficiency 



d. 
e. 

g. 



Above the level 
Furnace 

Solar supplied heat 



13. ta,d,e,f, h 
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14 


a 

a. 


^/*ilar cwctomc 




b. 


Thermal gradient 




c. 


Fallen below 


15. 


b 




16. 


a, b, 


c 


T7 


c,d,f 


18. 


a. 


Corrosion 




b. 


Absorber plate 




c. 


Piping 




d. 


1/8 




e. 


Dirt and debris 


19. 


a, b 
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J 



20. 



b. 



Any four of Jthe following: 

a. Check the local water supply for PH level 

A trouble free history of copper plumbing in the locality can usually be taken as 
evidence that the water is not aggressive to copper, but it may be aggressive to 
other metals 

(When there is a question concerning the presence of aggressive water, the water 
should be' chemically analyzed, and a treatment engineer should be consulted to 
prescribe ways to make and keep the water nonaggressive 

When antifreeze or special heat transfer fluids are added to tta water, it increases 
the potential for corrosion \ 
Anti freezes which are propylene glycol (nontoxic) or ethylene glycol (toxic) 
based are the two major types of anti-freeze used with water in solar collectors 
Propylene glycol is claimed to be nontoxic and should be used in DHW systems 
unless £ double walled heat exchanger is employed 

Anti-freeze solutions usually requre the addition, of corrosion inhibitors and 
buffers for PH, and all anti-freeze^tolutions should be monitored and replenished 
as required 



f 
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21. There is a .point where additiownglazing actually diminishes collector efficiency 



22. a. Maximize energy collection 

b. 3 to 4-inch 

c. Foamed urethane 

d. Other collectable problems 



23. 



24. 



This usually results in thermal shock which can cause the collector to buckle and the 
glazing to break 



a. Totally sealed units 

b. Base-mounted 

c. Flow rate 



d. Open systems 

e. Closed systems 
g. Circufating pump 



25. Evaluated to the satisfaction of the instructor 

26. Evaluated to the satisfaction of the instructor 

27. Performance skills evaluated to the satisfaction of the instructor 
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LOAD CALCULATIONS AND SOLAR COOLING 
UNIT III 

UNIT OBJECTIVE 

After completion of this unit, the student should be able to solve a problem concerning 
considerations for establishing heat requirements for solar water heating, discuss the concept 
of degree days, list the procedure for sizing a solar collector, and discuss basic concepts of 
solar cooling with absorption systems. The student should also be able to complete a sun- 
chart worksheet for a specific solar application aritosize a solar collector. This knowledge 
will he evidenced by correctly-performing the procedures outlined in the assignment sheets 
m and by scoring 85 percent on the unit test. 



SPECIFIC OBJECTIVES • 

After completion of this unit, the student shcjdld be able to: 

1. Match terms related to load calculations and solar cooling with their correct 
definitions. 

2. Solve a problem concerning considerations for establishing heat requirements 
for solar water heating. 

• ■ * * 

3. Solve a problem concerning the concept of degree days and its formula. 

4. Solve a problem concerning the concept of the degree day adjustment factor 
and its applications, 

5. Solve a problem concerning the sun-chart worksheet and its applications. * 

6. Complete a list of statements concerning the procedure fir collector sizing. 

7. Select true statements concerning rules of thumb for solar refrigeration systems. 

8. Complete a list of statements concerning basic concepts of solar cooling wjth 
absorption systems. 

» 

9. Match types of lithium-bromide-water units with their characteristics. 

10. Select true statements concerning operating principles of an absorption air condi- 
tioner. 

11. Select true statements concerning system flow in a water chiller application. 

12. Solve a problem concerning evaporative cooling with rock-bed storage. 

13. Complete a sun-chart worksheet for a specific solar application. 

14. Size a solar collector for a combination DHW and space heating solar system. 
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LOAD CALCULATIONS AND SOLAR COOLING 
UNIT III 



SUGGESTED ACTIVITIES 



I. Provide student with objective sheet. 

II. Provide student with information and assignment sheets. 

I I I. Make transparencies. 

IV. Discuss unit and specific objectives. 

V. Discuss information and assignment sheets. 

VI. Review basic elements of heating and cooling load calculations. 

(NOTE: This information is available in Manual J, Load Calculation for Residen- 
tial Winter and Summer Air Conditioning; check with a local air conditioning 
contractor to obtain a copy, or it may be ordered from The Air-Conditioning 
Contractors of America, 1228 17th St. N. W., Washington, D.C. 20036; the 
ASHRAE Handbook of Fundamentals is another source for information onload 
calculations, or the materials in Unit VI, "Residential Heat Loss and Heat Gain t " 
Air Conditioning and Refrigeration, Book III, as published by the Mid-America 
vocational Curriculum Consortium, will serve the pfurpose well.) 

♦ 

VII. Invite a representative from a local gas or electric utility to talk to the class con- 
cerning calculations for Seating and cooling loads; most utilities use computer- 
ized load calculations, and it would be especially effective if the utility rep- 
resentative could present a computerized load calculation that would provide 
the students with additional information and assistance with the assignment 

sheets in this unit. . 

I f 

VIII. Read the assignment sheets carefully, and select a model home that students can 
'use to adequately calculate Keating loads for a typical solar application in your 
specific locale. 

IX. Prepare a charts of solar information pertinent to your area; it should include 
latitude, degree day information, design temperature for both heating and cool- 
ing, a solar insolation chart, and prevailing winter and summer winds. 

X. Locate a business*or residence in your area that is using a solar cooling system, 
and invite the person most familiar with the system to talk to the class about its 
design, performance, and maintenance. 

Xl.~ Give test. 
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INSTRUCTIONAL MATERIALS 



Included in this unit: ' * 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

U TM 1-jAbsqrption Air Conditioner 

2. TM 2-Flow Schematic of a Water Chiller Operation 

3. TM 3-Evaporative Cooling with Rock-Bed Storage 

D. Assignment sheets 



1. Assignment Sheet #1--Complete a Sun-Chart Worksheet for a Specific 
Solar Application 

2. AssignmenLSheet #2--Size a Solar Collector for a Combination DHW 
and Space Heating Solar System 

E. v Test / 

s 

F. . Answers to test * > 
References: 

A. Solar Energy Systems. New York, NY 10174: Copper Pevelopment Associa- 
tion, Inc., 1979, 

B. Solar Energy Applications Laboratory, Colorado State University. Solar 
Heating and Cooling of Residential Buildings, Sizing, Installation and Opera- 
tion of Systems. Washington; D.C. 20402: U.S. Department of Commerce, 
1977. 

C. . Solar Energy Project, Text. Washington, D.C. 20545: U.S. Department of 

Energy, 1979. 

D. Solar Energy Project, Rmder. Washington, D.C. 20545: U.S. Department 
erf Energy, 1979. 
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LOAD CALCULATIONS AN® SOLAR COOLING 
UNIT III 



INFORMATION SHEET 



Terms and definitions ✓ 

A. Btu- Britisht thermal unit; the amount of heat required to raise the tempera- 
ture of one pound of water one degree Fahrenheit y 

B. Btuh-*British thermal units per hour; unit used to express hourly heat 
flow ^ 

C. Dry-bulb temperature-The air temperature as measured by an ordinary 
thermometer 

D. Wet-bulb temperature-The air temperature as measured by a thermometer 
whose bulb is covered with a >wet cloth or wet wick and moved in air that has 
a velocity of one thousand feet per minute 

E. Heat loss-The amount of heat lost through all building surfaces, walls, 
floors, doors, and windows exposed to outdoors or ,to adjoining spaces 
with different temperatures 

F. Heat gain-The amount of heat gained through all building surfaces, walls, 
floors, doors, and windows exposed to outdoors or from adjoining spaces 
with differen^temperatures 

G. Load-The total heat loss and heat gain of a structure expressed in Btuh; this 
calculation is used to size heating and cooling equipment 

H. Ventilation-Controlled air brought into a structure 

I. Infiltration-Uncontrolled air that leaks into a structure 

J. H^jprfdity-The amount of water vapor or moisture that is present in the 
atmosphere or any material 

K. Relative humidity-The percentage of moisture in the air compared to 
the total amount of moisture the air coulfl hold at the same temperature 
and barometric pressure 

L. Psychometrics-The science of measuring and changing the properties of 
air J 

m 

M. Hydronics-The science of heating and cooling with liquids 

N. Nomogram-A chart which can be used with a straightedge ft determine 
the square footage requirements of a collector 

0. Refrigerant-A substance used in refrigerating mechanisms to°absorb heat in 
the evaporator 

P. Absorbent-A , liquid which combines chemically with a refrigerant and 
causes heat to be released in the process of combination 
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Q. R'Value-The rating given to a material's ability to resist heat transfer 
R. Cfm-Cubic feet per minute 

S. Ton of refrigeration-A refrigerating effect equal to 12,000 Btuh 

T. Chiller- The component in an absorption cooling unit which absorbs heat 
from the circulating water supply 

Considerations for establishing heat requirements for solar water heating 

A. Hot water consumption is the major factor influencing annual heat require- 
* ments 

B. The amount of heat required to produce hot water depends on 

,1.' Number of gallons of hot water consum^ daily 

2. Inlet temperature of the cold water supply 

3. Desired discharge temperature at the fixtures 

C. Deep wells produce water at a relatively constant temperature, but water 
) from shallow wells, lakes, rivers, and reservoirs .varies with^hanging air 

temperature throughout the year (Figure 1) 

t FIGURE 1 
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The formula for. determining Btu requirements for bQF water is: Desired 
discharge temperature minds inlet temperature of cofd water supply times 
8.33 (it takes 8.33 Btu to. raise one gallon of water t°F) times the number of 
gallons off hot water consumed 

tfMOTE: The chart in Figure 2 shows' hovy the above formula would work in 
determining hot water requirements for .a family of four'in Nashville, 
Tennessee; the desired discharge temperature is 135*F and the. water con- 
sumption is estimated to be 91 gallons per day.) * 

•FIGURE 2 4 
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Typically? a family of four consumes between 60 to 90 gallons of "hot 
water daily, but the chot water consumption requirements can be arrived 
at fo^ny latitude by interpolating between the cold water supply tempera- 
tures shown in Figure 1, the formula for arrivir]g^at Btu.requirementjs given 
in item'D, and by using the chart in Figure 3 to achieve a number of 
persons/gallons requirements ffgure ^ * 

FIGURE 3 , 
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F. Calculations obtained .by using the mart in Figure 3 can be checked by 
plotting a graph of the information; the graph should curve smoothly, 
. and any sharp deviation in any month is a clue that an error exists (Figure 4) 

(NOTE: The following graph reflects information previously noted for a 
family of four in Nashville,, TaQQessee.) * 
FIGURE 4 
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* T>he concept of degree days and its formica ^ ' 

A. Instead of using* peak heating demands to determine heating requirements, 
the conceyt of degree days is used to determine average requirements ' 

B. A degree day is a standard used to measure the heating, season's mean tem- 
perature 

C. The number of degree days in a calendar day is determined by the following 
^ formula: Subtract the day's mean temperature from 65 # F 



Example: If the mean temperature on a given day is 50°F, subtract 50 # F 
fro™ 65*F, and this yields 15 degree days fpr.that specific 
calendar day * 

* « 
D. By adding the number of degree days for each day of the month, the average 
monthly conditions can be identified, and the average yearly conditions can 
be identified ^ 

(NOTE: Degree days charts for many locations in America and Canada are 
available from many^ sources; examples will be given later in this unit.) 
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E. In general, a solar system should be considered for a residence only when the 
space heating demand has been limited to approximately 8 Btu per square 
foot per degree day or less * „ 

Example: . Consider a home in Nashville, Tennessee, which loses 30,000 
4} Btu P er hour ' while the outdoor temperaturejs 17°F;if this 

temperature exists for a 24-hour period, the building demand 
is 30,000 x 24 which is 720,000 Btu; since the design point 
temperature is 17*F {48 degree days per dayTthe house . 
requires a net heat input of 15,000 Btu per ^degree day as 
shown below:* 

* , 30,000 Btu/hr x 24 hrs ,15,000 ^ 

(65"F degree day base - Btu/DD 
1 7*F design point temp) 

Assuming that the home's floor area is 2,000 square feet, the 
required heat input is 7.5 Btu per square foot per degree day; 
since this is less than the requirements of 8 Btu per square 
footj)^ degree day, this house is a good candidate for solar 
heating • 

F. * Homes that exceed the minimum 8 Btu per square foot per degree day are 
not well suited for solar applications and the money would be better spenj 
on insulation to reduce enemy^demands 




IV. The concept of4he\he Agree day adjustment factor and its applications 

A. Because structures absorb" radial heat through windows and other compo- 
nents, this actually lowers the building's heating requirements, but are not 
included in peak load calculations 
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B. This adjustment is made by using a degree day adjustment factor as present- 
ed in the following chart (Figure 5) 

- FIGURE 5 
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Courtesy Copper Development Association Inc. 
C. Using the degree day adjustment factor is as simple as finding the outside 
design print temperature and tracing a line across the chart until it intersects 
the proper adjustment factor, which will always be less than 1.0; then, the 
average heat requirement calculated by standard measurement is multiplied 
by the degree day adjustment factor , 
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D. The heat load calculations for each month should be completed to include 
the degree day adjustment factor and prepared in a chart such'as.the one 
shown in Figure 6 



FIGURE 6 ExtmpJt: Naihvitlt, Ttnntsitt 
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E. Add all the heating load requirements to the hot water load requirements 
to obtain the total heating requirements for the home 

The sun-chart worksheet and its applications 

A. The sun-chart worksheet is a simplified approach that permits rapid evalua- 
tion of heat loads and collector areas 

(NOTE: The sun-chart worksheet was developed by the Copper 'Develops 
ment Association, Inc., and when properly used, generates results'equal to 
or slightly more conservative than results achieved by computer analysis; 
obviously, calculations cannot be guaranteed by the CDA, but when used 
properly, the sun-chart worksheet can be an effective planning tool.) 

B. The simplification of calculations is accomplished by making the following 
assumptions about solar system characteristics: 

1. The collector orientation is within 15 degrees of due south; applications 
that vary Significantly from this should be calculated after adjustment 
factors from an oridfttation chart 

2. Collectors with circulating liquids are used to carry collected energy to 
storage or load , 

3. Water storage capacity ranges from 1 1/2 to 2 gallons per square foot of 
collector array • f 

C* The designer begins by entering the first five column's (A through E) avail- 
able data concerning the application (Figure 7) • 
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D. The designer then performs six mathematical operations using these basic 
data and enters the results in columns F through L (Figure 7) 

E. A final multiplication yields data for the "Result" column on the far right; 
the average daHy heat produced during each of the 12 months by one square 
foot of collector at a given tilt angle, operating at a specific temperature, and 
installed in a particular locality (Figure 7) 

FIGURE 7 
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F. Information from the worksheet is then used to properly size the soW 
cb I lector 

» 

(NOTE: Step by step use of the CDA sun-chart worksheet is presented in 
Assignment Sheet #1.) 

Procedure for collector sizing • 

A. . Once the rate of energy output from the collector has been established, 

the designer can proceed to find the collector area needed for a specific 
application 

B. It is normally not economically practicable to size solar systems to handle 
100percent of the heating requirements 

C. Collectors for DHW systems are usually sized to handle 70 to 80 percent 
of annual heating requirements 

D. Collectors for combination DHW and space heating systems are usually 
sized to handle 60 to 70 percent of annual heating requirements 
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£• As a rule of thumb, the correct percentages for sizing a collector can be 
established by: 

1 . Sizing a collector for a DHW system so that it supplies 100% of the heat 
requirement for the month of May 

2. Sizing a collector for a combination system so that it supplies 100% of 
the heat requirement for the month of March 

(NOTE: The procedure for collector sizing is covered step by step 
in Assignment Sheet #2.) 

VII. Rules of thumb for solar refrigeration systems 

A. Since refrigeration systems affect cooling by removing heat from the air as it 
comes in contact with a cold, refrigerated surface, conventional vapor- 
compressor cooling systems using electric motors are adaptable to systems 
using solar energy 

B. Absorption systems are not adaptable to systems using solar energy 

C. For economic reasons,, the absqrption systems appear to be the most useable 
in solar systems 

D. Absorption systems currently available"! nclude: . » 

1. Lithium-bromide-water units 

2. Water-ammonia absorption units * * 

E. Lithium-bromide-water units are more commercially available than other 
types of units 

VI I L Basic concepts of solar cooling with absorption. systems 

A. Absorption systems are similar in principle to an ordinary, electrically 
operated vapor-compression air conditioner i 

* » 

B. Instead of a refrigerant like Freon in a conventional air conditioner, inorgan- 
ic refrigerants, such as water and ammonia, are used in an absorption ma- 
chine together with an absorbent 

C. An absorbent is a liquid which combines chemically with the refrigerant 
and releases heat from the fluid mixture in the combination process 

D. In a lithium-bromide-water unit, water is the refrigerant and the lithium- 
bromide is the absorbent 

E. r In an ammonia-water unit, ammonia is the refrigerant and water is the 

absorbent 

(NOTE: these units are normally used only for commercial applications.) 

a 
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Types of lithium-bromide-water units and their characteristics 

A. Air chiller -Cools air which contacts the cooling coils . 

B. Water chiller-Cools water which contacts the cooling coils 
Operating principles of an absorption air conditioner (Transparency 1) 

A. The cycle begins when water in the liquid mixture in the generator is boiled 
off and superheattd with solar energy at a temperature between °170 and 
210°F 

B. The superheated-* water vapor passes from the generator to the condenser 
where it is cooled to about 100°F by the cooling water from an outdoor 

* cooling tower 

9 

C. The vapor condenses to a liquid and is then revaporized through an exp^n- 
^ sion valve which cools the vapor-liquid mixture to a temperature of 40°F in 

the evaporator 4 coils 

D. The heat in the room air or water which is brought in contact with the 
evaporator is removed by the cooled refrigerant in the evaporator 

E. The refrigerant then passes to the absorber 'where it recombines with the 
concentrated lithium-bromide solution from the generator at a temperature 4 ' 
of about 100*F 

F. In this recombination process, heat is released, and the heat is removed by 
the cooling water from the cooling tower 

G. The dilute solution of lithium-bromide and water in the absorber flows 
by gravity, or is pumped back to the generator, and the cycle is related 

H. Some lithium-bromide*water systems use a recouperator as a heat exchanger 
to make the system thermodynamically more efficient 

System flow in a water chiller application (Transparency 2) 

A. The absorption chiller should be situated close to the hot water storage 
tank to minimize heat loss from the pipelines connected to the tank 

B. Hot water from the top of the storage tank is pumped through the generator 
by pump (P-2) and returned to the bottom of the tank; note that the piping 
connection goes through the auxiliary boiler - ' 

C. When the temperature in the storage tank is insufficient to operate the 
absorption chiller, the auxiliary boiler is used to provide heat to the genera- 
tor 

D. Wherrthe auxiliary boiler is used, the three way valve at the bottom of the 
auxihary boiler circulates the return water only through the auxiliary boiler 
so that auxiliary energy is not used to heat the solar storage tank 
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E. Pump size and head depend on the .flow rate and pressure loss through 
the system and also the size and length of piping 

* .. 

F. A wet cooling tower is needed with the absorption chiller to discharge 
the heat from the condenser and the absorber to the atmosphere 

(NOTE: Some smaller systems employ air to discharge heat from the con- 
denser.) 

G. The size of the cooling tower depends on the size of the absorption machine 
and the wet-bulb temperature of the ambient air 

H. A pump (P-3) is needed" to circulate the cooling water from the tower 
through the absorber and condenser of the absorption machine 

I. Chilled water from the evaporator is circulated to the fan-coil unit to cool 
the air in the rooms 

(NOTE: Operation of water ammonia absorption units are sinrfilar to the 
Hthium-bromide-water units except that operating temperatures are higher 
and a separator is inserted between the generator and condenser, but water- 
ammonia units are not readily available and are not treated in this unit.) 

Evaporative cooling with rock-bed storage {Transparency 3) 

(NOTE: Strictly spqflkfog, evaporative cooling is not a solar system, but rock-bed 
storage of an air-heating solar system fpr storing cool air in the summer can be 
accomplished with the following procedure ) 

A. Night air is evaporativelyxooled and circulated through the rock-bed to cool 
down the pebbles in the storage unit 

B. During the day, warm air from the building can be cooled by passing the air 
through the cool pebble bed 

C. When a solar heating system with rock-bed storage is considered for cooling, 
it is advantageous, to install the maximum storage volume consistent with 
heating system design 

D. Evaporative cooling with rock bed storage is best restricted to arid and 
semi-arid regions with cool n ights and low wet-bulb temperatures 

(NOTE; In* marginal conditions, evaporative cooling through rock-bed 
storage might function, but it would produce an extremely uncomfortable 
humidity of more than 70 percent.) 
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Flow Schematic of a Water Chiller Operation 
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.ETE A SUN-CHART WORKSHEET 
LAR APPLICATION. 



ASSIGNMENT SHEET #1 -COM 
FOR A SPECIFIC 



Directions:[ Proceed carefully through ifie following example of how the CDA sun-chart 
worksheet should be filled out coUJjrin by cojumn; these examples are from. a CDA sun- 
chart worktlpet prepared for ajotar application in Nashville, Tennessee, but all materials 
presented qan be adapt^K^tcrTit latitude, type of collector, and other pertinent factors 
necessary to* produced accurate "Results column. Refer to the completed' CDA sun- 
chart worksheet as yjpu move through the exarpple. The reference will assist you in under-, 
^nding each «tep and its particular significance in the process. 

DATA INPUT (Columns A through E) 

Column A: Enter the collector heat gain factor from the chart in Figure 1; t^iis chart 
is a general^guideline, but heat gain factors ate supplied by manufacturers 
of collectors; note that in the completed worksheeCthe collector has 2 
* plates and a copper absorber with selectiv^surface 

FIGURE 1 
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Column B: . Enter the collector heat Joss factor from the cnart in Figure 1 ; note what 
is entered on the completed worksheet and remember this information for 
- collectors not listed on the chart in Figure 1 i$ available from the collector 
manufacturer * . 

Column C: Enter the daytime average air temperature for the locale; this may be 
.obtained from available charts or from a Ic^caLor regional weather station; 
t in the case of the completed worksheet, the daytime, average temperature 
for Nashville^ Tennessee during the month of January is 46^ and for the 
month 6f July is 8TF 
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Enter the amount of horizontal solar energy received by a hori%)ntal surface 
on an average day in each month; thfc information is available in insolation 
tables which are included as examples in this activity; enter the number 
preceding the slash, in the insolation chart; note that in the completed 
worksheet, the January figure is 601 and the July figure' is 2033; the entry 
after the slash is a diffuse percent used interpolating information needed in 
Column E * 

Enter the collector tilt factor; from the completed worksheet, you can see 
the entry of 1.44 is the January tilt factor for the Nashville latitude of 36°. 
This requires interpolation, but here's how it works: In January, Nashville 
has a % diffuse factor of 65%. If a collector tilt of 51* (latitude plus 15*) is 
desired, we must interpolate between both the positions of latitude and the 
tables for % diffuse. First, interpolate for latitude on each of the two appli- 
cable % diffuse charts (60% and 80%). On the 60% chart, we interpolate 
between the January factor for a collector tilt of latitude +15*, for 32* 
latitude (1.37) and for 40° latitude (1.60). Since the latitude of the site (36*) 
is halfway between them, the result is 1.485, or call it 1.49. Similarly, for 1 
the 80% chart, the result is 1.28. Since the % djffuse for Nashville in January 
is 65%, an interpolation between 1.49 and 1*2b yields a tilt factor of 1.4375, 
call it 1.44, antTtkat is the tilt factor that should be entered across from 
^ January in column b\ , , 

COMPUTATION SECTION (Columns* through L) 

Column F: This entry is obtained by multiplying the quantities from columns-D and E; 

on the completed worksheet, the January figure would be 865.44, call it 865 



Column D: 



Column E: 
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Column G: 



Column H: 



Column J: 



Column R: 



Enter here the assumed collector input temperature as obtained from the 
following chart in Figure 2; for Nashville for an application that combines 
space heating and DHW, that figure is 100°; be^ careful with this part of the 
procedure because this chart was prepared specifically for Nashville; other 
locales will probably have different collector input temperatures from month 
to month 

FIGURE 2 
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Enter here the temperature difference beiwee^^he collector inlet and the 
daytime average air temperature; in other Wfcfds, subtract Column C from 
Column G; in the case of the completed worksheet, the figure is 54 

This entry is obtained by dividing Column B by column A and multiplying 
the result by 2 times the quantity from column H; in the completed work- 
sheet, the figure is 100 

' . - • • s 

This entry is obtained by dividing th»result from Column J by the quantity 
from Column F; in the completed worksheet, the figure is .12; the figure in 
the completed worksheet is a little over 100,J>ut call it 100 
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Column L: This entry is obtained by referring to the Collectable Energy Graph in Figure 
3, finding the quantity obtained in Column K, then following the K axis 
across the graph until it intersects the curved L axis; the completed work- 
# sheet shows .42 

FIGURE 3 
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Result Column: * This entry is obtained by multiplying the values from Columns F and L; 

this is the amount of heat colfected in Btu per square foot per day, 
an average day in a particular'month; on the completed worksheet, 
* the figure for January is 363.30, but call it 363; once the rati of 

output from the collector has been determined, the designer can 
proceed to find the collector area needed for a specific application 

Assignment: Using the blank CDA sun-chart worksheet provided with this activity, com- 
plete the^vorksheet with information provided by your instructor; thTHnformation should 
include specific latitude, average daytime temperature, heat gain factor and heat loss factor 
fona given collector, necessary collector inlet temperatures, and whatever materials are 
necessary to complete the assignment; you may refer as needed to the sample exercise which 
you ^have just completed; when you have finished the worksheet, and just for fun, write a 
brief note -explaining why the columns in the worksheet jump from "H" to M J ,f and omit 
the" I. ".Good luck. 
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COMPLETED CDA SUN-CHART WORKSHEET 



JOB COASol 
LOPATION N: 
LATITUDE 36 


ar Home 

ishvtlle. Tennessee 
° North 


COLLECTOR TYPE Double Glazed Selective Surface 
COLLECTOR TILT 51° (Latitude + 15*) 
APPLICATION Space and Water Heating 






f 


0 






A 


B 


c 


o 






G 


H 


j 


K 


L 


RESULT 




COLLECTOR 
HEAT GAIN 
FACTOR 
(TABLES) 
OR MFG S 
LIT 


COLLECTOR 
HEAT LOSS 
FACTOR - 
(TABLI 6) 
OR MFG S 
LIT 


AVERAGE 
DAYTIME 

AIR 
TEMPERA- 
TURE "F 


HORIZONTAL 
SOLAR 
ENERGY 
(FROM 
TABLES} 

APPENOIX B 


COLLECTOR 
TILT FACTOR 
(FROM TABLE > 
APPENOIX C 


INCIDENT 
ENERGY 

F DxE 


COLLECTOR 

INLET 
TEMPERA 

TURE 
(TABLE 9) 
• F 


H 

COLUMN G 
COLUMN C 
F 


j 


« F 


L IS 
FOUND FROM 
FIGURE 4 1 
USING K 


TOTAL 
ENERGY 
COLLECTED 
FxL 
BTU SQ 
FT OAY 


JANUARY 


70 


65 X 


46 


601 


1 44* 


865 


too 


54 


100 


12 


42 


363 


FE8RUARY 


70 


65 


48 


882 


1 50 


1147 


115 


67 


124 


11 


44 


505 


mArch 


70 


* 65 


57 


1188 


1 09 


1295 


140 


83 


154 


12 


42 


544 


APRIL 


70 


65 


67 


1638 




1441 


155 


" 88 


163 


11 


44 


634 


MAY 


70 


65 . 


76 


1911 


63, 


1204 t 


,165 


89 


165 


14 


37 


445 


JUNE > 


70 


65 - 


84 


,2081 


#1 


1269 


175 


. 91 • 


169 


13 


39 


495 


. JULY 


70 


6* 


87 


*2033 


62 


1260 


180 


93 


173 


14 


37 


466 


AUGUST 


70 


65 


86 


1845 


89 


1642 


180 


94 


175 


11 


44 


722 


SEPTEM8ER 


70 


65 ' 


81 


1561 


1 10 


1717 


175 


94 


175 


10 


46 ' 


790 


OCTOBER 


70 


65 


69 


1199 


1 42 




150 


81 


150 


09 


48* 


817 


NOVEMBER 


70 


65 


55 


808 


1 57 


1269 


130 


75 


139 


11 


44 


558 


DECEMBER 


70 b 


65 . 


47 


605 


1 63 


986 


105 


58 


106 


11 / 


44 


, 434 



Courtesy Copper Development Association Inc. 
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c 



AVERAGE MONTHLY AND YEARLY- DEGREE DAYS FOR CITIES IN 
THE UNITED STATES AND CANADA, a.b!c.(BASE 65) 

0 » 

HOW DEGREE DAYS ARE MEASURED * 

A degrtiv s t >,Mndarri me.iMirp nsed by healing engineers to measure the heating season s 
•coifitiess T»v vjr»n«-vfjt«1f»Qrtt duv>.'i ,j calendar day is determined by subtracting the day s mean 
ienn»»ratu«- iMm bi If the r ,gh on a gtviMi clay was 60 and the low was 40 the mean lemperature lhat 
lay woui<* rjo 'if) Swhtiac ted Horn oS this would give 1 5 degree days tor that calendar day ^ 



UNITED STATES 



St*t» 


Station 


A v g 
ArVmter 


July 


Aug 


Sept 


Oct 


Nov 


Dec 

* 




r*0 


Ma/ 


Apr 


» 

Mey 


Jure 


Yaa/ty 

Tola/ 


Aia 


Birmingham 


A 


54 2 


0 


0 


6 


93 


363 


555 


592 


462 


363 


106 


9 


0 


2551 




HunlsvMie 


A 


51 3 


f) 


o 


i 2 


127 


426 


663 


694 






1 36 


19 


0 


3070 




Mobil* 


A 


59 9 


o 


o 


o 


22 


2l 3 




sii 


300 


21 1 


42 


0 


0 


1540 




Montgomery 


A 


55 4 


o 


o 


o 


68 


330 






417 


318 


90 


0 


0 


2291 


Aiaaka 


Ar.rrx'fagt' 


A 


23 0 


245 


29 1 


51b 


930 


1284 


1 572 


1631 


«1316 


1293 


• 79 


592 


315 


10844 




r air banns 


A 


6 7 


17J 


332 


642 


1203 


1833 


2254 


2359 


1901 


1739 


1068 


555 


222 


U279 




juneau 


A 


32 t 


JOt 


336 


483 


725 


921 


1135 


1237 


1070 


1073 


810 


801 


341 


9075 




Nome 


A 


13 1 


48' 


496 


693 


1094 


1455 


1120 


1 679 


1666 


1 770 


l3l4 


930 


573 


141 71 


Ariz 


F iagsta*t 


A 


35 6 


4b 


66 


201 


559- 


867 


1073 


1169 


991 


?J* 


651 


437 


'"160 


7152 


1 




A 


565 


0 


0 


0 


22 


^34 


415 


474 


328 


217 


75 


0 


0 


1745 






* A 


56 1 


0 


0 


0 


25 


231 


406 


471 


344 


242 v 


75 


6 


0 


1400 




Wmsiov* 


A 


43 0 


0 


0 


6 


2<5 


71 1 


1008 


1054 


770 


601 


291 


98 


0 


4742 






A 


642 




0 


0 


0 


106 


264 


307 


190 


90 


15 


0 


0 


974 


Ark 


Fort Smith 


A 


50 3 


o 


o 


I 2 


127 


450 


704 


761 


596 


456 








3292 




Little Rock 


A 


• 50 5 


o 


o 


9 


127 


465 


716 


756 


577 


434 




* 


** 


32H 




Te »jrh ana 




54 2 


0 


o 


o 


76 


345 


561 


626 


468 


350 






0 


2533 


Calif 


Saner s*'tMti 




55 4 


n 


q 


o 


37 


262 


502 


546 


364 


267 




19 




2122 






A 


46 0 


o 


o 


46 


260 


576 


797 


674 


680 


555 


306 




34 


4275 




Btue C^n^on 


A 


42 2 


26 


J7 


108 


347 


594 


761 


696 


795 


806 


597 


412 


195 


5594 
1646 . 




- Bu'banfc 


A» 


56 6 


o 


o 


6 


43 


1 77 


301 


366 


277 


239 


138 




1 1 




Eureka 


'C 


49 9 




257 


258 


329 


414 


499 


546 


470 


505 


438 


372 


265 


4443 






A 


53 3 


o 


0 


o 


84 


354 


577 


605 


426 


335 


1 62 


62 


g 


241 1 




Long Beach 


A 


57 8 


o 


0 


9 


47 


1 71 


3l6 


397 


311 


264 


1 71 


93 


24 


1403 




Los Angers 


A 


57 4 


28 


26 


4? 


76 


180 


291 


372 


302 


268 


2i9 


158 


|1 


2041 




Los Anqetes 




603 




0 


6 


31 


132 


229 


310 


230 


202 


123 


64 


16 


1349 




Mt Shasta 


c 


41 2 


23 


34 


123 


406 


696 


902 


983 


784 


738 


.525 


347 


159 


5722 




0 aMarv 


A 


53 5 


53 


SO 


45 


12?, 


309 


481 


527 




353 


255 


tto 


90 


2670 




r*k) aiuti 


A 


53 8 


0 


0 


0 


53 


316 


555 


605 


«28 


341 


168 


47 


0 


25t5 






A 


53 9 


0 


0 


0 


56 


321 


546 


583 


414 


332 


178 


72 


0 


2502 




bacrjmer' 


L 


54 4 


0 


0 


0 


* 62 


312 


533 


561 


392 


310 


173 


76 


0 


2419' 




Stjndbe'g 




46 6 


U 


0 


30 


202 


480 


691 


778 


661 


620 ' 


426 


284 


57 


4209 




San O-ea 


A 


59 S 


*i 


0 


21 


43 


135 


236 


298 


235 


214 


135 


90 


42 


1458 




Sa^r »ncK< 


A 


53 4 


at 


78 


60 


143 


306 


462 


508 


395 


363 ' 


279 


214 


• 126 


30t5 




San Ff ificis* 




55 1 


192 


1 74 


102 


116 


231 


388 


443 


336 


319 


279 


239 


180 


3001 




Santa Ma"* 


A 


54 3 


99 


93 


96 


146 


270 


39 1 


459 


370 


363 


282 


233 


165 


2967 


Coio 


Aiamosa 


A 


29 7 


b r > 


99 


279 


639 


I0b5 


1420 


1476 


1162 


1020 


698 


440 


168 


8529 




Colorado Spun 


M 


37 3 


9 


25 


132 


456 


825 


1032 


1128 


938 


893 


562 


319 


84 


8423 




Denvti 


A 


37 6 


6 


9 


117 


426 


619 


1035 


1132 


938 


•47 


556 


264 


66 


6243 






I 


406 


U 


0 


90 


366 


714 


905 


1004 


851 


800 


492 


254 


44 


5524 




GrV ' i jnrt>rr 


A 


39 3 


0 


0 


30 


313 


786 


1113 


1209 


907 


729 


387 


146 


21 


5641 






A 


40 4 


ii 


0 


54 


326 


750 


986 


1065 


• 71 


772 


429 


174 


15 


5442 


Conn 


Bndqrot rt 


A 


39 9 


0 


0 


66 


307 


615 


986 


1079 


*966 


853 


510 


208 


27 


5417 






A 


37 3 




M 


1 1 7 


394 


714 . 


HOI 


1190 


1042 


908 


519 


205 


33 


6235 






A 


39 0 


0 


12 


B7 


34 7 


646 


1011 


1097 


991 


871 


543 


245 


45 


5897 


Del 


A |ti r 4 U " 


A 


42 5 


u 


0 


51 


270 


568 


927 


980 


• 74 


735 


367 


112 


6 


4930 


DC 


Ajsnmqron 


A 


45 7_ 


0 


0 


33 


217 


519 


634 


871 




\ 62$ 


268 


74 


0 


4224 


Ra 


A; atactic* »a 


c 


6i 2 


0 


0 


0 


16 


153 


319 


347 




>80 


33 


0 


0 


* 

1306 




Dav^orM Bt>a< r 


A 


64 5 


0 


a 


0 


0 


75 


2H 


246 


I 


140 


15 


0 


0 


' 679 




Port Myers 


A 


666 


0 


0 


0 


0 


24 


109 


146 




62 


0 


0 


0 


442 




ja< ic>nr vi)*e 


A 


61 9 


0 


0 


0 


12 


144 


310 


332 




174 


21 


0 


0 


1239 




Key We!»l 


A 


73 1 


0 


0 


0 


0 


0 


26 


i 40 


31 


9 


0 


0 


0 


108 




La*»» Arni 




66 7 


* 0 


1 


0 


0 


57 


164 


195 


146 


99 


0 


0 


0 


461 




Ma~* 


A 


71 1 


0 


0 


0 


0 


0 


65 


74 


56 


19 


0 


0 


0 


214 




M-a n Bf a( r 




72 5 


0 


0 


0 


0 


0 


40 


"56 


36 > 


9 


0 


0 


0 


141 




'> an.*; 


A 


65 7 


0 


\ 0 


0 


0 


72 


198 


220 


165 


105 


6 


0 


0 


766 






A 


60 4 


0 


\ 0 


0 


19 


195 


353 


400 


27? 


163 


36 


0 


0 


1443 




Ta-a^a^s**** 


A 


60 5 


a 


\ 0 


XL- 


..28. 


196 


360 


375 


£86 


202 


36 


0 


0 


1445 




Tamp* * 


A 


664 


n 


) 0 


0 


0 


60 


171 


202 


148 


102 


0 


0 


0 


643 




M> >t P * pi B* ii 


*,A 


66 4 


0 


J 0 


a 


0 


6 


65 


87 


64 


31 


0 


0 


' 0 


253 



Reprnted from ASHRAE 1973 Systems Handbook Chapter 43 Energy Estimating Method 



3«jf«au Wi nm; v " 

rfc f mat' ' u im'» 

La' J V» d po rt 
ava<»aP»t' 



uUr* United Slates Weather 
p » ( >p tat/on And Hi dOrg Degree 
r* 'ustvp Tht^e data also irwi'ude 
,i.oii atmn *r>rre available 



Dat ar Kk Canadian crt«s where computed by the Climatology Division Depart 
ment o' Transport from normal momh»y m«an temperatures andjha monthly 
vatues o* heaimg degree days data ware obtained ustng the National Research 
Counn< romputer and a method devised by H C S Thorn ot the United Stales 
Weather Bureau The heating degree days are based on the period from 1931 
to i960 
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ASSIGNMENT SHEET #1 




AVERAGE MONTHLY AND YEARLY DEGREE DAYS, CONTINUED 



state 


Sutton 


Avg 
Wrrt»r 
Tamp "F 


Jury 


Aug 


Sapl 


Oct 


Nov 


Dec 


Jan 


Fab 


Mar 


Apr 


May 


June 


Yearly 
Total 


a* 


Athens 

Atlanta 

Augusta 

Coiumbus 

Macon 

Roma 

Savannan 

Thomas vrfla 


A 
A 
A 
A 
A 
A 
A 
C 


51 I 
Si 7 
545 
548 
54 2 
4M 
57 1 
•00 


\ o 

i 0 
0 
. 0 
0 
\0 
1 0 
0 


0 
0 

0 
0 
0 
0 


12 
16 
0 
0 
0 
24 
0 
0 


115 
124 
78 
67 
71 
161 
47 
25 


405 
417 
333 
333 
297 
474 
246 
198 


632 
648 

552 
543 
502 
701 
437 
366 


642 
636 
549 
552 
505 
710 
437 
394 


529 
518 
445 
434 

403 

577 
353 
305 


431 
428 
3,50 
338 

254 
208 


141 
147- 

90 

96 

63 
177 

45 

33 


22 
25 
0 
0 
0 
54 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


2929 
2961 
2397 
2343 
2136 
3326 
1919 
1529 


Hawaii 


Libua 
Honolulu 


A 
A 
A 


727 
74 2 
71 I 


d 

0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 

0 
0 


0 
0 
O 


Uaho 


^•se 
Lewaton 
Pocataito 


A 
A 
A 


39 7 
41 0 
341 


0 
0 
0 


0 
0 
0 


132 
123 
172 


415 
403 
493 


792 
756 
900 


1017 
933 
1166 


1 113 
1063 
1324 


654 
815 

1056 


722 
694 
905 


436 
426 

555 


245 
239 
319 


•1 

90 
141 


5809 
5542 

7033 


II 


Cairo C 
Chcago<OHare>A 
Cncago(Midway) A 
Cneago C 
Mokne A 
Peona A 
Rocktord A 
SpnngfiekJ A 


471 
35 S 
37 5 
3*1 
344 

3a i 

341 
40* 


0 

0 
0 
0 

6 

0 


0 

0 
0 
9 

9 

0 


36 

• 1 
66 
99 

114 

72 


164 
361 

326 
279 
335 
326 
400 
291 


513 

807 

753 

70S • 

774 

759 

837 

696 


791 
1 166 
1113 
1051 
1181 
1113 
1221 
1023 


856 
12<5 
1209 
M50 
1314 
1218 
1333 
1135 


680 
1086 
1044 

1000 

1100 
1025 
M37 
935 


539 
939 
890 
866 
91 8 
849 
9«1 
769 


195 
534 
440 
489 
450 
426 
516 
354 


47 
260 
211 
226 
189 
183 
236 
136 


0 

72 ft 

48 

46 

39 

33 

60 

18 


3821 
6639 
1155 
5842 
8404 
6025 
•830 
5429 


Ind 


E^ans villa 
Fort Wayne 
- Indianapolis 
South Band 


A 

A ' 

A 

A 


450 
37 3 
348 

3a a, 


0 
0 
0 


0 
9 
0 
6 


66 
105 
90 


220 
37* 

316 
372 


606 
783 

723 
777 


696 

1135 
1051 
1 125 


955 
1178 
1113 
1221 


767 
1028 

949 
1070 


620 
890 
809 
933 


237 
471 
432 
525 


66 
189 

177 
239 


0 

39 
39 
60 


4435 

6205 
5699 
6439 


lowa ' 


Burhnaton 
Das Mo mat 

Oubuqua 
Soux City 
Waterloo 


A 
A 
A 
A 
A 


37 1 

35 5 
327 
340 
321 


0 

12 
0 
12 


0 

6 
31 ' 

9 
19 


93 

96* 
156 
106 
136 


322 
363 
450 
369 
428 


768 
826 
906 
867 
909 j 

70T 
666 « 
810 
672 
618 


M35 
1225 - 
1267 

^296^" 


1259 
1370 
1420 
1435 
1460 


1042 
1 137 
1204 
1196 
1221 


659 
915 
1026 
989 

1023 


426 
438 

546 
483 

531 


1/7 
180 
260 
2l4 
229 


33 
30 
78 
39 
54 


6114 
6544 

7376 
6951 
7320 


Kane 


Concordia 

DodgaCity 

Goodiand 

Tppeka 

Wen** 


A 
A 
A 

A, 
A 


404 
425 
371 

41 7 
442 


0 
0 
0 
0 
0 


0 
0 
6 
0 
0 


57 
33 
■ 61 
57 
33 


276 
251 
381 
270 
229 


1023 
939 

1073 
980 
905 


1163 
1051 
1166 
1122 
1023 


935 
840 
955 
893 
804 


781 

719 
884 

722 
645 


372 
354 

507 
330 
270 


141 

124 V 

236^ 
124 
87 


K 

9 

v 42 
12 
6 


5479v 
4986 

6141 
5182 
4620 


«y 


Covtngton 
Lexington 
LouJSviHa 


A 
A 
A 


41 4 
431 

440 


0 
0 
0 


0 
0 

* 0 


75 
54 
54 


291 
239 
248 


669 
609 
609 


983 
902 
890 


1035 
946 
930 


693 
618 
616 


756 
685 
682 


390 
325 
315 


149 

105 
105 


24 

0 
9 


5265 
4443 

4660 


La- 


Alexandria 
Baton Rotige 
Lake Charles 
New'Ofleans 
New Orleans 
Snravaport 


A 
A 

C 
A 


57 5 

sit 

•05 
11 0 
• 1 • 
M2 


\ 

0 
0 
0 

' 0 
0 


0 

0 « 

V 


4 0 

H 


56 
31 
19 
19 
12 
47 


273 
216 
210 
192 
165 
297 


431 
369 
341 

322 
291 
477 


471 
409 
381 

363 
344 

552 


361 
294 
274 
25J 
241 
426 


260 
206 
195 
192 
177 
' 304 


69 
33 
39 
39 
24 
81 


0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 


1921 
1580 
1459 
1385 
1254 
2184 


Ma 


Caribou 
Portland 


A 
A 


24 4 

330 


7| 

12 


115 
l 53 


336 
195 


682 
508 


'to? 


!l?5 


1339, 


1182 


1308 

1042 -» 


856 " 

1 675 


468 

372 


183 

111 


9787 

7511 


Md 


Baitimora 
Baltimora 
Frederic* 


A 

C 
A 


437 
442 
420 


b 
o 

. 0 


0 

o 

0 


46 

27 
66 


264 
189 

307 


585 
486 

624 


905 
955 


936 
859 

995 


820 
762 
676 


679 
629 
741 


327 
288 
384 


90 
65 
127 


0 
0 
12 


4654 
41 1 1 
5087 


Maaa 

Men 


Boston 
Nantucket 
PitisheW 
•.Worcester 

Alpena 


A 
A 
A 
A 

A 


40 0 
402 
326 
347 

29? 


0 
12 
25 

6 

68 


9 
22 
59 
34 

T05 


60 
93 
219 
147 

273 


316 
332 
524 
450 

580 


603 
573 
631 
774 

912 


963 I 
896 / 
1231 / 
11 72 J 

12661 


1088 

1339 
1271 

1404 


972 

1196 
1123 

1299 


846 
896 

1063 
998 

1216 


513 
621 
660 
612 

777 


208 
384 

326 
304 

446 

220 
239 

229 
456 
319 
279 
273 
468 
310 
477 . 


36 
129 
105 

78 

156 
42 

57 

45 

159 
90 
75 
69 

177 

L 78 

>20l 


5634 
5891 
7578 
6969 

1506 

6232 
.6293 

6258 
•481 

7377 
6894 
6909 
8393 
6696 
9048 




Detro* (C«y> 
Detroit £ Wayne) 
Detroit* Wrftow 
Run) 

Escaneba' 

Fhnt 

Grand Rapids 
Lansing , 
Marquette 
Muskegon 
SauM Sta M«t» 


A 
A 

A 

C 
A 

A ' 

A 

C 

A 

A 


37 2 
37 1 

37 2 
298 

331 
349 
34« 

302 
340 

27 7 


0 
0 

» 0 
59. 
16 
9 
6 
59 
12 
96 


O 

0 
87 
40 
26 
22 
• 1 
26 
105 


87 e 
96 

90 
243 
159 
135 
138 
240 
120 
27$ 


360 
353 

357 
539 
465 
434 
431 
527 
400 
580 


734 

736 

750 
924 
843 
804 
813 
'936 
762 
951 


10881 
10881 

1104 
1293 
1212 
1147 
1163 
1268 
1088 
1367 


1 181 
1 194 

1190 
1445 

1330 

1259 

1262 

1411 

1209 * 

1525 


1058 
1061 

1053 , 

1296 

1198 

1134 

1142 

1268 

1100 

1380 


936 
933 

921 
1203 
1066 
101 1 
1011 
1187 

995 
1277 


522 
534 

519 
777 
639 
579 
579 
771 
594 
610 




Duluth 
Minneapolis 


A 
A 


234 
213 


71 
22 


109 
31 


330 
159 


632 
_505_ 


1 131 
10Ji_ . 


1581 
1454 


1745 
1631 


1516 
1380 


1355 
1l6fi_ 


840 

621- 
630 


490 
288 

301 


196 

8J_ 


10000 

_aat2— . 

8295 




Roc hesier 


A" 


2T1 


25 


34 


186 


,474 


1005 


1436 


1593 


1366 


1150 


99 


M.M 


Jackson 
Merdtan 

Vcksburg 


A 
A 

C 


55 7 
55 4 
569 


0 . 

0 

0 


0 
0 

0 


0 
0 
0 


65 
*1 

53f" 


315 
339 
279 


502 
518 
462 


546 
543 

5l2 


414 
417 
384 


310 
O10 
282 


87 
61 
69 


■0 
0 
0 


$ 

0 
0 
0 


2239 
2269 
2041 


Mo 


Co»umb»a 
Kansas City 
St Joseph 
Si LOLnS 


A 
A 
A 
A 


42 3 

43 9 
403 
431 


0 
0 
0 
0 


0 

0 
6 
0 


54 

39 
60 
60 


251 
220 
265 

251 


651 
612 
706 
627 


967 
90S 
1039 
936 


1076 
1032 
1172 
1026 


674 
616 
949 
846 


716 
682 
769 
704 


324 
294 
348 

312 


121 
109 
133 
121 


12 

0 

lb 

15' 


5046 
4711 
5484 
4900 



1 '» 1 




ASSIGNMENT SHEET #1 



AVERAGE MOJMTHLY AND YEARLY DEGREE DAYS. CONTINUED 



Sutt 







July 


Auq 


S*pi 


Oct 


Nov 


•% 1 

Dec 


J*n 


Feb 


Mar 


Apr 


May 


June 


Yearly 

Total 


St I 


C 


44 S 


0 


0 


16 


202 


S/b 


884 


477 


8O1 


t65 1 


270 


B"* 


* 
0 


4484 


'.P"nqttepd 


A 


44 •) 


0 


0 


4b 


24 \ 


bOO 


87 7 


973 


781 


660 


291 


105 


6 


4900 


Biilinqs 


A 


34 5 


6 




1 86 




t?04 


1 1 3'j 


'296 


1 100 












Gusqow 


A 


26 4 


11 


4/ ' 




608 






1711- 




M87 


64 8> 


335 


150 


6996 


Ltll'cll frill , 


A 


328 


'8 


5 1 


258 


543 


921 


1 1h<> 


1 Uy 


1 154 


1063 


642 


384 


166 


7750 


Mdvre 


A 


28 1 


'« 


S3 


306 


595 


1065 


136 T 


1584 


1364 


1 181 


657 


338 


162 


8700 


H,ivr<« 




29 8 


■ 19 


3" 


25? 


539 






1 528 


1 305 


1116' 




38* 


I fit 




H«l«n<i 


A 


31 1 


31 


59 


294 


60 1 


1002 


P65 


143fl 


1 1 70 


1042 


65 1 






8129 


h<titsr.H»it 


A 


31 4 


50 


99 


32V 


654 


t020 


1240 


1401 


) 134 


1029 


639 


397 


207 


^8191 


Mii«s Ciiv 


A 


31 2 


6 


6' 


1 74 


502 


972 


1296 


1504 


1252 


1057 


579 


276 


99 


7723 


Missoulci 


A 


31 5 


^ 4 


T4 


303 


65 r 


1035 


1287 


1420 


1 1 20 


970 


62 1 


391 


2l9 


81 25 


G'drHt IsJjnd 




36 0 


0 


6 


108 






1 „ 


1314 




908 








_ n 


L tni oln 


c 


38 8 


0 


6 


75 


*W1 


1 26 


1066 




1O16 




402 


171 


30 


5864 


Norfolk 




34 0 


9 


0 


1 1 1 


397 


873 


1234 


1414 


1 1 79 


983 


498 


»333 


46 


6979 


North Piatt l* 




35 5 


0 


6 


123 


440 


885 


116b 


1271 


1039 


930 


519 


?48 


57 


6684 




*• 


35 6 


® 


'n 




i^a 












465 






66 1 2 


iittsbiutv 


* 


35 9 






!*:{* 




«7R 


1 128 








552 * 


285 


7«; 




Vttl^nl u it? 




32 6 




12 




4yj 




1 237 


1 J45 


17R 


inis 

r 


579 


268 


A4 


7425 


tlhu 


A 


34 0 




34 X 








1 197 






91 1 


621 y 


409 


t92 


7433 


f 'V 


A 


33 1 




*n 






939 


1 184 




107^ 


977 


672 


456 


225 


77j33 




A 


!**| jj 


n 


J; 


n 


7R 


387 ' 


61 7 


688 


4«7 


335 




5 


0 


2709 




A 


39 3 


43 


B i 


204 


490 






1073 


823 


729 


510 


357 


1 89 


6332 


VV^nnornuCt 4 


A 


36 7 


o 


34 


51 0 


536 


876 


1 091 


1 1 72 


916 


837 


573 


363 


153 


6761 


C uncord 


A 


33 0 


g 


50 


1 77 


505 


822 


1240 


1358 


1 1 64 


1032* 


636 


298 


75 


7383 








493* 


























Ohsv 


„ 


1 5 2 


53b 


720 




1 341 


1 742 


1 820 


1663 


1 652 * r 


H?60 


930 


603 


13817 


At'jnUC Citv 


A 


43 2 


0 


0 * 


39 


251 


549 


860 


936 


848 


741 


420 


U3 


15 


4812 


Newark 


A 


42 8 




0 




248 


573 


9?1 


983 


876 


729 


38 1 


1 18 


0 


4589 


Trenton 


Q 


42 4 


o 


0 


57 


264 


5 76 


924 


989 


685 


753 


399. 


121 


12 


4980 


Albuquerque ( 


A 


45 0 


0 


0 


12 


229 


642 


668 


930 


703 


595 


288 


81 


0 


4348 






42 0 


o 


5 


66 


310 


699 


899 


986 


812 


747 " 


429 


183 


21 


5158 


Wat on" 


A 






28 


126 


431 


825 


1048 


1116 


904 


834 


543 


301 


63 


6228 


Roswen 




'4*7 5 


0 


0 


18 „ 


202 


573 


806 


840 


641 


481 


201 


31 


0 


3793 


Stl^f Qrty 


A 


48 0 


'0 


0 


6 


183 


X 52T 


729 


791 * 


"605^ 


518 


261 


87 


0 


3705 


Ah 




34 6 


n 




138 


440 


777 


1 194 


131 t 


1 1 56 


992 


564 


239 


45 


6875 


A r; 




37 2 






102 


375 


699" 


1 104 


1 21 8 


1072 


908 


498 ' 


186 


30 


6201 


q' 

o»nqn ami on 


* 


339 


22 


65 


201 


471 


810 


1 184 


12*V 


1 \ i4 


1045 


645 


313 


99 


7286 






36 6 


0 


28 


141 


406 


>7^2 


110' 


1190 


1081 


949 


543 


229 


45 


6451 






34 5 


19 


"*7 ' 


"14 | 


440 


1 *777 


1 1 56 


1 25b 


1145 


1039 


645 


329 


78 


7062 


p^f vork l ^' nt 








































q 


30 


233 


S40 


y02 


966 


885 


760 


408 




9 


4671 


N V It i 

ewy Of ' <t 
































Miiafjia t 


A 


J 




0 


27 


223 


526 


887 " 


973 


879 


750 ' 


414 


124 


6 


481 t 


N« A York 
































KennneOv 1 


A 


41 4 


0 




JD 


* j? 






tmci 




81 5 


480 


1 67 


12 


5? 19 


Rochester 


A 


35 4 


9 


J 1 


1 2b 




7J7 








^70 


597 


279 


48 


6748 * 


V m>nrf • *1y 


C 


35 4 


0 


22 


' 23 


422 


756 


1 1 59 


1283 


1131 




543 


21 1 


30 


6650 


Syrdf uSt 


A 


35 2 


t> 


28 


132 


415 


744 


1 153 


1271 


1 140 


1004 


570 


248 


45 


6756 


Ashevite 


c 


46 7 


0 


0 


48 


215 


5S5 


7 75 


784 


68^ 


592 


273 


87 


0 


4042 


f a» >e H jttrM «*s 




53 3 


. 0 


0 


0 


78 


273 


521 


580 


518 


440 


\ 7 i 


25 


0 


2612 


Charlotte 


A 


504 


« 


0 


6 


124 


438 


691 


691 




481 


«^34 


22 
47 


0 

0 


3191 
3805 


Greensboro 
Raie<qr 


A 
A 


47 5 
49 4 


0 
0 


0 

0 


13 

•3 1 






7th 


70 1 




487 


180 


34 


0 


3393 


vV'immgion 
Wmsloo Salem 


A 


54 6 


0 


0 
















96 


0 


0 


2347 


A 


48 4 


0 


0 


* 1 


/ t 


1* 


74^ 






524 


20 7 


37 


0 


3595 


Bi%marr> 


A 


26 6 


34 


26 


222 




1Q83 




1 '08 * 


1442 


1 203 


645 


329 


1 1 7 


-6651 


fVviin lake 


c 


22 4 








b4 > 


1 191 


1634 


1872 


1 57Q 


1 345 


753 


381 


1 38 


99Q1 


r uqo 
Witosion 


A 


24 8 


28 


37 


219 


5 74 


1107 


1569 


T789 


1520 


1262 


690 


332 


99 


9226 


A , 


25 2 


11 


<3 , 


261 


601 


1122 


1513 


1758 


1473 


t262 


681 


357 


141 


9243 


Akron C^nlon 


A 


38 1 


0 


9 


4b 


38 1 


726 


10,0 


1 138 


101b 


87t , 


489 


202 


39 


6037 


C inr innali 


c 


45 t 


0 


0 


39 


208 


558 


J62 


915 


740 


642 


294 


96 


. 6 


4410 




A 


37 2 


9 


25 


105 


384 


738 


1088 


1 15 1 -! 


1047 


918 


552 


260 


66 


6351 


C, ulufnhus 


A 


397 


0 


6 


84 


34 7 


714 


1039 


1088 


449 


809 


426 


171 


27 


5660 


Columbus 


c 


41 5 


n 


0 


& 


285 


651 


9/7 


1032 


902 


760 


396 


136 


15 


5211 


0»»yt »n 


A 


39 8 


n 


h 


78 


310 


6% 


1045 


109 7 


955 


809 


429 


167 


30 


5622 


M,ltv ticir) 


A 


369 


9 


22 


1 14 


397 


768 


1 1 10 


1 169 


104? 


924 


543 


245 


60 


6403 


S-»noustw 


c 


39 t 


0 


(f 


6b 


3t3 


684 


1032 


1 107 


491 


868 


495 


198 


36 


5796 


Tf>t« fivi 


A 


36 4 


0 


16 


1 1 r 


406 


792 


1138 


1200 


1056 


924 


543 


242 


60 


6494 


/'h. 'jsiovwi 


A 


36 8 


6 


19 


i?0 


412 


77i 


1 104 


1169 


104 7 


921 


540 


248 


60 


6417 


' * -^.iTd L 'ty _ 
TulS.i 


>l> 


47 7 


_ D 

0 


0 


18 


ib4 

" 1 58" 


498 

" 522 


7b6 
787 


868 
89T 


6b 4 
683 


527 
539 


189 
213 


34 
47" 


0 

0 " 


3725 
"3*860 


Asli .« 4 


A 


45 6 


146 


ntr 


210 


3^5 


561 


tT9 


753 


622 


636 


480 


363 


231 


5186 


Bums 


c 


35 9 


12 


37 


210 


51S 


8b 


IHJ 




988 


856 


570^ 


366 


1 77 


6957 


E >Q¥>"- 


A 


45 6 


34 


34 


1?4 


366 


SHt. 


*1Q " 


801 


627 


589 


426 


279 


135 


4 726 


M< scnam 


A 


34 2 


84 


124 


288 


^80 


QtH 


1041 


12CW 


1005 


98) 


"26 


527 


339 


7874 


M^rHorfl 


A 


43 2 


0 


0 


78 


372 


67rj 


8 71 


glrf 


b^7 


642 


432 


242 


78 


5008 


Pfndleior 


A 


42 6 


0 


0 


1 1 1 


350 


711 


881 


tni 


773 


bT 


396 


206 » 


61 


5(27 


Portland 


A 


45 6 




28 


1 1 4 


3J5 


5Q7 


M5 


82S 


644 


586 


39b 


245 


105 


4635 


Portland" 


C 


47 4 


12 


lb 




26/ 


V J 


b'9 


,64 


544 


536 


351 


196 


78 


4109 



Oku 
Ore 
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ASSIGNMENT SHEET #1 



AVERAGE MONTHLY ANQ YEARLY DEGREE DAYS, CONTINUED 



State 



Station 




Rl 

SC 



T#no 



Roseburg 
Saiem 

Allantown 

Erie 

Harrisburg 
Philadelphia 
Philadelphia 

Pittsburgh 
Piiisburgh 
Reading 
Set anion 
Wiiliamsport 

.Stock island 
Provide nca 

Charleston 
Charleston 
Cotumb»a 
Florence 
Greenv4le 
Spartanburg 

Huron 
Rapid City 
Sioux Fads 

Bristol * 
Chattanooga 
Knoxviile 
Memphis * 
Memphis 
Nashville 
Oak Ridge C 



Avg 
Winter 
Temp 



Tex 


Abilene 


A 




Amaniio . 


A 




Aushn 


A 




Brownsville 


A 




Corpus Chnsti 


A 




Oallas 


A 




El Paso 


A 




Fori Worth 


A 




Galveston 


A 




Galveston 


c 




Houston 


A 




Houston 


c 




Laredo 


A 




Lubbock 


A 




Midland 


A 




Po*t Arthur 


A 




San Angeto 


A 




San Antonio 


A 




V<1or»a 


A 




Waco 


A 




Wtcnuj Falii 


A 


Utah 


Miitord 


A 




SdlUdhwC'ty 


A 




WerxJover 


A 


Vt 


Bu'lmglon 


A 


Va 


Cape Henry 


c 




Lynchburg 


A 




Nor to* 


A 




Richmond 


A 




Roanoke 


A 


Wash 


Otympia 


A 




Seattle Tacoma 


A 




Seattle 


c 




Spokane 


A 




Waila Walla 


c 




Yak >ma 


A 


w Va 


Charleston 


A 




Efcms 


A 




Huntington 


A 




Pa#ke'*btjrg 


c 


Wise 


XjreenSay 


A 




LaOosse 


A 




Mart»son 


A 




Milwaukee 


A 


Wyo 


Casper 


A 




Cheypnnp 


A 




I ande' 


A 




•>rvr*ldn 


A 



463 
45 



319 

368 



445 
384 

42 2 
42 
372 
385 

40 
388 

58 

57 
54 
54 5 

51 8 

28 8 

33 4 
306 

482 

503 
49 2 
505 

51 6 
48 9 

47 7 

53 9 
470 
59 1 
67 7 
646 
553 

52 9 
55 1 
62 2 
62 0 

61 0 

62 0 
660 

48 8 

53 8 
605 
560 
60 1 
62 7 
572 
53 0 

36 5 
36 4 

39 1 

29 4 

500 
46 0 
49 2 
473 
46 1 

44 2 
44 2 

46 9 

36 5 

43 8 

39 1 

44 8 

40 1 
450 
43 5 

303 

31 5 
309 
326 

33 4 

34 2 
31' 4 

32 5 




9 

ERIC 



Jury 



22 
37. 

0 
0 
0 
0 
0 
0 
0^ 
0 
0 
0 

0 
0 

0 
0 
0 
0 



0 

> 0 
0. 
0 



Aug 



16 
31 

0 
25 
0 
0 
0 
9 
0 
0 



12 
12 

25 

0 
0 
0 
0 
0 
0 
0 



Sept 



90 
102 

63 
.60 

30 
105 

60 

54 
U2 
i 1 1 

78 
96 

0 
0 
0 
0 



28 


65 


207 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0 


*b 


0 


0 


51 


68 


, r 


196 


56 


b2 


162 


SO 


47 


129 


9 


25 


168 


0 


0 


87 


Q 


12 


UJ 


0 


» o 


63 


9 


25 


135 


0 


0 


61 


0 


0 


bO 


28 


50 


l 't 


12 


T9 




25 


40 


1 t 


•n 


47 


i *j 


6 


16 


i<»2 


28 


3^ 




6 


19 


X)4 


? r > 


11 


219 



329 
338 

353 
391 
298 
297 
205 
37b 
291 
257 
434 
J75 

307 
372 



508 
481 
462 

236 
143 
I7t 
130 
102 
156 
192 

99 . 
205 
31 

0 

0 
62 
84 
65 

6 

0 

6 

0 

0 

1 74. 
87 
22 
68 
3» 
6 
13 
99 



567 
594 

693 
714 
648 

62C 
513 
726 
615 
59? 
762 
717 

594 

660 



713 
729 

1045 
'063 
992 
965 
856 
1063 
930 
939 
1 104 
10 73 

90? 
1023 



766 
822 

l 1 16 
1 169 
'045 

1016 
924 

1119 
083 

1001 
1 »S6 
1 \fi 

1020 
1 1 10 



7\ 



210 


425 


443 


345 


577 


570 


315 


552 


552 


399 


/651 


660 


1014 ' 


1432 


1628 


897 


1172 


1333 


972 


1361 


1544 


573 ' 


828 


828 


468 


698 


722 


489 


1 725 


732 


44 7 


698 


729 


396 


648 


710 


495 


732 


7 78 


531 


772 


778 


^366 


586 




1 570 


797 


$ 


225 


388 


468 


66 


149 


205 


120 


220 


291 


321 


524 


601 


414 


648 


685 


324 


S36 


614 


147 h 


276 


360 


138 


2 70 


350 


183 


307 


184 


165 


288 


363 


'05 


217 


267 


313 


744 


800 


381 


592 I 


651 


207 


329 


384 


318 


536 


567 


204 


363 


428 


150 


270 


34J 


270 


456 


5 36 


38 * 


632 i 


b9fl 



443 


867 


, 1 Ml 


4!9 


849 


10B2 


3 72 


82"' 


1 09 1 


M9 


891 


1 349 


112 


160 


645 


223' 


540 


822 


i3b 


, 408 


698 


2!4 


495 


784 


2?9 


549 


82S 


■122 


6 16 


751 


391 


633 * 


"50 


329 


143 


657* 


193 


8'9 


'0H2 


310 


681 


8J3 


150 


828 


1019 


254 




86 S 


400 


"29 


992 


2iT 


585 


856 


*b4 


606 


905 


484 


» 9, '4 


1333 


43" 


92 l 


1339 


t '4 


9 30 


' 330 


J t 


<*'6 


'2S2 


,J4 


c > 12 


i <bj 


>41 


904 


1085 


55-> 


'CO 


•299 


r <3Q 


94« 


1 200 



t 1 72 

It ,8 



b94 
849 
"38 
815 
8J4 

834 
828 
-18 

123' 
986 

1 tt>3 



1 144 

< S04 



608 
647 

1002 
1081 
907 
889 
823 
'002 
885 
88 b 
1028 
1002 

955 
988 

389 
367 
4 70 
459 



1355 
1 145 
1285 

700 
577 
613 
585 
566 
644 
669 

i 

470 ! 
664 
325 
106 
174 
440 
445 
448 

263 
258 
288 
?58 

1 34 
613 
468 

2 74 
413L 
28b 
2 30 
389 



S70 


40S 


61 1 


41 7 


849 


471 


973 


S85 


766 


396 


747 


392 


h91 


151 


874 


480 


763 


390 


715 


372 


893 


498 


8Sb 


468 


877 


612 


868 


534 


?9i 


64 


273 




3$7 


81 


347 


84 


446 


132 


1125 


600 


1051 


615 


1082 


573 


598 


261 


453 




483 


IB 


456 


147 


434 


129 



5)2 
552 

34 7 
54b 
223 
74 
109 
"319 
319 
3)9 
189 
'89 
192 
1 74 
74 
484 
322 
'92 
288 
195 
152 
2 70 
178 



988 : 82: 
9111 ! 7b 3 
902 I '?9 

1 »3i 

633 i j lb 
"3i b05 
6S r . | 'aJ 3 
70 3 | .Ifa 
*2? | 614 
I 

6 ,f 
b*P 
r >99 
980 



880 '70 

1 008 896 
880 

91 2 82b 



1 3M 




ASSIGNMENT SHEET #1 

* 

AVERAGE MONTHLY AND YEARLY DEGREE DAYS. CONTINUED 



CANADA 



— 


Station 
t 


Avo. 
T»mp 


July 


Aug 






NOV 






r»0 




Apr 




June 


YMrty 

W 


Alt* 




( 








295 


496 


797 


1 1 $5 


1485 


— — 




— — 


655 


589 


402 








A 






109 


1 86 


402 


? 1 9 




1389 


1575 


1379 


1268 


798 


477 




9703 




tdnio^lon 


A 






74 


180* 


411 


738 


1215 


1603 


1610 


1520 


1330 


" 765 


400 


222 


10268 












t>6 


ltf 


318 


611 


101 1 


1277 


1497 


1291 


1159 


696 


403 


213, 


. B644 


9 C 


Ham loops 


A 






2? 


40 


189 


546 


•94 


1 1 36 


1314 


1057 


• 1 • 


462 


21 7 


102 


6788 






A 






236 


251 


444 


74 7 


1110 


1420 


1612 


1319 


1122 . 


747 


488 


278 


9755 






c 






»"1 


248 


339 


539 


708 


•68 


936 


•08 


•12 


646 


493 


357 


7028 




Vjocouvi*' 


A 








67 


21 9 


456 


657 


787 


862 


723 


676 


501 


310 


158 


551 5 






A 






1 Jf> 


1 40 


225 




663 


775 


840 


7 '• 


691 


504 


341 


204 


5898 






c 






i 7? 


1 64 


243 


426 


607 


723 


805 


666 


640 


487 


354 


250 


5576 




B'ancfcm 


A 






4 , 


90 


357 


74 7 


1290 


1 792 


2034 


1 737 


1476 


837 


431 


IBB 


1 1036 






A 






360 


375 




1 062 


1620 


2241 


2556 


2277 


2130 


1586 


1 1 53 


675 


1 6726 






c 






59 


127 


429 


831 


1440 


1981 


2232 


1 853 


1824^ 


889 


508 


226 


12261 






A 






36 


71 


322 


, 683 


1251 


1757 


2008 


1719 


1465 N 


613 


for 


147 


10671 






A 






7g 


68 


234 


5f2 


915 


1392 


1 541 


1379 


1 1 72 


753 


408 


141 


8871 




Mon< »i>n 


r 






62 


105 


276 „ 


6n 


891 


1342 


1482 


1336 


1194 


789 


488 


171 


8727 


• 


Si Jo^n 


c 






icy 


102 


246 


527 


•07 


1194 


1370 


1229 


1087 


75« 


480 


248 


8218 


Nod 


Arg^njij 


A 






260 


1|7 


294 


564 


750 


1001 


1 1 59 


1085 


1091 


676 


707 1 


483 


8440 






c 






1 02 ' 


133 


324 


642 


673 


1 194 


1358 


1293 


1212* 


885 


838 


333 


8878 




Gandt' 


A 






121 


1 52 


330 


670 


909 


1231 


1370 


1266 • 


•1243 


636 


8357 


388 


8254 




Goose 


A 






130 


205 


444 


843 


1227 


1745 


1947 


1686 


1494 


1074 


J 41 


348 


11887 




SI Johns 


A 


Ui 


166 


J 180 


342 


651 


•31 


1 1 13 


. 1262 


1170 


1167 


827 


ho 


432 


8981 


N WT 




c 


3 


273 


459 




1414 


2064 


2530 


2632 


2336 




1 674 


1083 


483 


18017 




F-twl Nf 


c 




164 


341 


666 


1234 


1959 


24 74 


2592 


2209 


2058 


1386 


732 


294 


16108 




R«stfMK>n tsl*nd C 


< 

> 


643 


831 


900 


1113 


1311 


1724 


2021 


1650 


1817 


1488 


1181 


842 


16021 


NS 


H<mfj« 


c* 


< 


58 


51 


1*0 


457 


710 


1074 


1213 


1122 


1030 




487 


237 


7361 




Sydney 


A 


5 


62 














1206 








276 


8046 




Vai mouth 


A 






102 


115 


225 


471 


696 


1029 


1156 


1065 


1X4 


726 


493 


256 


7340 






c 






96 


180 


405 


760 


1233 


1778 


1978 


1701 


1526 


963 


570 


222 


11412 




Fort W'lMm A 


A 






90 


133 


366 


694 


1140 


1597 


1792 


1557 


1380 


876 


543 


237 


10405 






c 






'4 


1 71 


405 


756 


1245 


1807 


2037 


1739 


1562 


876 


580 


222 


11572 




Krtcheo«f 


c 






16 


59 


177 


505 


855 


1234 


1342 


1226 


1 101 


663 


322 


66 


7586 




lornjon 


A 






'2 


43 


159 


477 


•37 


1206 


1305 


1198 


1066 


646 


332 


68 


7348 




Nof*r< Bly 


r 






37 


90 


267 


601 


990 


1507 


1680 


1463 


1277 


780 


400 


120 


8218 






c 






2> 


61 


222 


567 


936 


Iff 


1624 


1441 


1231 


708 


341 


90 


8735 




Toronto 


c 






7 


18 


151 


439 


760 




1233 


mi 


1013 


618 


288 


82 


6827 


Pff 1 


i haMoftetuw 








40 


53 


198 


518 


•04 


1215 


1380 


1274 


1169 


813 


496 


204 


• 164 






r 






47 


6* 


2i6 


546 


840 


1246 


1436 


1291 


1206 


841 


516 


216 


8488 


<JU« 


Ar.Kll 


L 






102 


136 


327 


662 


107X 


1859 


18*79 


1818 


1407 


891 


521 


231 


10528 




A 






9 


43 


165 


521 


•82 


1392 


1566 


1381 


1 175 


. 884 


316 


69 


8203 




Ml rUfpvli 


c 






^6 


28 


165 


496 


•64 


1355 


1510 


1328 


1138 


857 


288 


54 


7669 






A 






56 


64 


273 


636 


996 


1516 


1665 


1477 


1296 


BIB 


426 


126 


8372 




QucOt*. 


c 






40 


68 


243 


592 


972 


1473 


1612 


1418 


1228 


780 


400 


111 


8837 






A 






81 


136 


414 


797 


1368 


i«72 


210B 


1763 


1559 


867 


446 


219 


11630 




A 






78 


93 


360 


741 


1284 


1 711 


1965 


1687 


1473 


804 


409 


201 


10806 




Saskat<x>n 


r 






4 56 


87 


372 


750 


1302 


1758 


2006 


1669 


1463 


7f8 


403 


186 


10870 


Y " 




c 






164 


326 


645 


1 197 


1875 


2415 


256* 


2150 


1138 


1088 


570 


258 


15087 






c 






208 


366 


648 


1135 


i 794 


2325 


2427 


1992 


1665 


1020 


550 


294 


14454 



-i.Jj st*»<l'« '*'■>• J «r^jfO'»»' r n* w o»1 19J1 i960 



ASSIGNMENT SHEET #1 

INSOLATION AND PERCENT DIFFUSE TABLES 
BTU per sq. ft. per day/% DIFFUSE 



RS-141 



Cav 


Lat 


Jan 


V~ 

Fat) 


Mar 




May 


Juna>| 


AJlv 


ALABAMA 

„ Birmingham 


36-6* 


706/53 


957/46 


1295/45 


1672/40 


1655/40 


1 

1917/40 


1609/42 


Mobil* 


30,7* 


621/41 


1099/45 


1405/41 


1721/39 


167146 


1557/41 


1 71 4/45 


Montgomery 


3U* 


751/51 


1013/47 


1339/44 


1725739 


169546 


1971/36 


1639/41 


ALASKA 














Annatta 


6*0* 


232/10 


424/53 


970/42 


1342/41 


1611/46 


1915/49 


1615/47 


' Baihai 


BDJ* 


135/41 


413/33 


1040/16 


j 154042 


1662/40 


1655/46 


1364/66 


Fairbunkt 


64B* 


70/23 


260/34 


559/20 


1419/26 


175646 


1943/36 


1637/48 


Malanuaka 
AB1ZOMA 


•IB* 


1 18/42 


339/42 


692/26 


* 1312/37 


1607/42 


1703/46 


j 1506/46 


Paga 


3BB* 


1105/11 


1406/19 


1939/13 


2276/16 


2552/16 


2605/16 


250749 


Phoanix 


3S.4* 


1020/31 


13? 4/27 


1613/22 


2353/15 


2674/13 


2736/14 


246541 


P/a»COtt 


MB* t 


101544 


1334/27 


1775/23 


2274/16 


2525/15 


2761/14 


230647 


Tucaon • 


31V 


109646 


1431/25 


1663/22 


2362/16 


2570/13 


2726/14 


234046 


Wiriiow 


3B0* 


954/30 


1326/27 


1776/22 


'2262/16 


2593/19 


2709/16 


2345/26 


Yum* 
ARKANSAS 


34.7* 


1055/25 


1442/24 


1616/16 


2411/14 


2726/12 


2612/12 


245142 


Fort Smith 


364 * 


743/47 


996/41 


1311/42 


'.1615/41 


1611/36, 


206644 


2064/34 


Littla Rocn 


34.7 • 


731/45 


1 002/41 


1312/42 


1610/42 


1926/35 


2105/34 


203146 


CALIFORNIA 
















Areata 


41j0* 


525/53 


793/44 


1132/46 


1565/40 


1641/40 


196046 


1607/42 


Bakartfiaid 


3B4* 


755/45 


1101/36 


1564/90 


209344 


2505/16 


2746/14 


2661/14 


Oagoati 


34J* 


557/32 


1279/29 


1772/23 


2273/16 


2590/19 


2754/14 


2602/16 


Davia 


3BB* 


553/53 


944/42 


1462/31 


194746 


234543 


2o6aV2l 


2544/16 


El Toco 


317* 


547/35 


1235/33 


1509/31 


1625/31 


206643 


219341 


236246 


FrMrto 


3BJ* 


545/51 


966/42 


1524711 


195546 


230145 


252941 


252440 


Inyokarn 


366 • 


1150/15 


1545/13 


2131/6 


25644 


26034 


3062/4 


26904 


Long Batch 


33J* 


927/37 


1214/34 


1609/31 


193640 


206343 


213943 


22B547 


Loa Angola* 


33.6* 


525/37 


1213/34 


1616730 


195040 


2055733 


211543 


230647 


Mt Snaata 


414* 


550/45 


557/44 


1250/40 


1755733 


216546 


243544 


2576/16 


Naadiaa 


34J* 


554/30 


135305 


1624/20 


2316/16 


2650714 


276C/1J 


2540/16 


Oakland 


37 7* 


707/45 


1017/40 


1456733 


162146 


221046 


234647 


232147 


Paaadana 


34,1* 


525/35 


1226/33 


1616/26 


167642 


206742 


213643 


233745 


Point Mugu 


ah,i* 


526/35 


1220/33 


163446 


155040 


201544 


205346 


211742 


Nivartioa 


33J* 


1014/30 


1353/27 


175244 


156446 


229745 


250742 


246141 


Sacramanto 


3M* 


556/53 


639/44 


1457/33 


200245 


243341 


2662/16 


-2667/14 


San Diago 


32.7* 


975/36 


1265/33 


1631/31 


153541 


200146 


206146 


215540 


San Francisco 


37 J* 


707/45 


1006/40 


1454/13 


191946 


222446 


237547 


239044 


San Jot* 


374* 


563/45 


560/42 


1301/41 


178744 


211541 


2207/31 


224746 


Santa Marl* 


34J* 


553/40 


1140/37 


1561/32 


192042 


213942 


234747 


23404T 


Sunnyvala 


374* 


737/4J 

> 


1036/39 


146542 


194349 


227547 


245144 


244042 


COLORADO 














Bouldar 


40jO* 


741/37 


966735 


1475730 


1566737 


1666/45 


1935/40 


191746 


Colo Spring* 


3BJ* 


660/25 


1177/25 


1549/26* 


163047 


212741 


236747 


221040 


Danvar" 


3B7* 


640/33 


1127/30 


153046 


167646 


213440 


235047 


227247 


Eagia 


3BB* 


754/37 


1077/32 


150040 


163146 


225447 


,250742 


236544 


Grand Junction 


3B.1* 


751/34 


1115/31 


1 55246 


196547 


237542 


6567/20 


246442 


Grand Laita 


404* 


752/32 


1154/27 


156946 


166649 


203543 


233046 


221246 


POatto 


3B3* 


594/26 


1171/30 


156346 


195546 


216140 


243344 


231047 


CONNECTICUT 
















Hartford 


41 •* 


477/55 


71443 


976/63 


1314/60 


1557/46 


1665/46 


1646/47 


Of LA WARE 














Wilmington 


3B7* 


571/11 


527/46 


1146/46 


1479/46 


1709/45 


1662/41 


1522/42 


DC 

Washington 


3BJ* 


571/54 


615/50 


1124/46 


1456/46 


1 71 7/44 


1699/41 


1617/42 


FLORIDA 


















ApaJachicot* 


IB 7* 


652/44 


1125/46 


147340 


167744 


209042 


196747 


1612/42 


Dayton* Baach 


262* 


956/42 


1213/40 


154747 


165344 


196646 


1525/42 


1763/42 


Qainat villa \ 


3BB* 


1025/36 


1353/33 


154043 


195740 


216040 


200647 


191746 


JachaonviK* 


3B4* 


696/41 


1152/41 


1521/37 


165444 


165547 


1664/41 


1 60 1/43 


Miami 


MM* 


1057/42 


1313/36 


150347 


165646 


1642/40 


1707/46 


1752/44 


Orlando 


MLS* 


965/41 


1242/40 


156106 


169743 


196746 


1630/42 


1600/42 


Panaacoia 


30B* 


922/44 


1163/40 


146346 


167643 


207243 


206444 


1679737 


Taiiahaaaaa 


3fc4* 


576/46 


1135/42 


147646 


162646 


163546 


1562/41 


1747/44 


Tampa 


3BB* 


1010/41 


1256/40 


159346 


150743 


196746 


1647/41* 


1751/44 


OBOROIA 


















Atlanta 


3B6\ 


717/51 


966/46 


1302/44 


166546 


1553/40 


1911/40 


1611/42 


August* 


3M* 


750/45 


1014/46 


1336/42 


172646 


1664740 


1603/40 


1603/42 


Or iff in 


BU* 


577/41 


1113/40 


143046 


191341 


212741 


213643 


205144 


Macon 


BU* 


766/45 


1016)45 


1362/42 


173446 


166446 


1915740 


1764/44 


Savannah 


3B1* 


907/41 


1156/40 


146646 


190642 


207543 


204246 


167647 


HAWAII 








*1 346/40 








Htto 9 


1*7/ 


1120/40 


1246/40 


1434/40 


1553/40 


1655746 


162 4/44 


KoaoJuKj 


JIB* 


1160/40 


1366735 


162146 


179645 


164940 


200440 


200240 


IDAHO 




< 












Bofaa 


4AB* 


465/61 


636/41 


130244 


162540 


227545 


246143 


-2611/16 


Pocatafio 




546/46 


661/36 


137042 


161640 


227945 


247643 


2569716 


Tartn Faiia 


4SJ 


601/46 


665/44 


130646 


170346 


203543 


216342 


221646 


















Chicago 


4M* 


506/63 


756/46 


1106/46 


1455746 


1766741 


200646 


164246 


Lamont 


41.T* 


630/42 


655/44 


1202/41 


1435746 , 


161340 


203647 


194346 


SOufCt D*t* f'W" K»»n B#cKon»n aofl DuM ? 


Mo^'^V A 


.? '*<je Sot j 


r Ria,a , '0'> on inc'»nfe 


a Sof faces 





Aug 



Sapt 



Oct 



1257/50 
93540 
1336/41 
1156/50 

219743 
229141 
209046 
2i6i/2l 
213945 
232740 

j 167544 
I 166046 

1575/44 
2419/16 
2351/16 
225241 
215446 
227441 
27214 
206646 
207646 
221241 
227641 
205246 
220643 
163443 
227641 
2367/16 
205646 
211546 
197641 
210547 
216544 

1616/42 
202449 
204446 
206347 
216043 
166240 
210147 

1420/44 

1613/42 

161 7/44 

1666/42 
1651/42 
167346 
1663/42 
1626/46 
1672/44 
167646 
1674/42 
1652/44 

1707/41 
1666/42 
162643 
1716/41 
164747 

1562/44 

1! 



219541 
223640 
196146 

171646 
176246 



1454/41 
1449/44 
1467/42 



121046 
1296/35 
1251/36 



951/47 450/56 

73443 j 431/44 

616/61 I 317/46 

730/63 ] 359/61 



190241 
201440 
195541 
197642 
1927/21 
2050/16 

150446 
151746 

1341/41 
1991/16 
2007/16 
163642 
173640 
167142 
23694 
159641 
166042 
1/3444 
2013716 
170046 
177746 
160746 
197241 
1606/16 
171542 
174147 
156146 
172640 
175647 

151644 
17&S45 
172646 
176644 
16*3342 
175544 
177644 

1154/46 



1340|44 

1534/40 
1477/44 
163747 
1441/44 
1456746 
1465/42 
156546 
1492/42 
1461/44 

1421/42 
1409M4 
161146 
1436/42 

1 



1 

161040 

173641 
176641 
156341 

1353/40 | 
141646 



J 46241 
157541 
154241 
160142 
151242 
162240 

120046 
122647 

935/46 
145744 
151542 
126346 
1356732 
135546 

17644 
132543 
131643 
115441 
153741 
121143 
134641 
126544 
150044 
131447 
137342 
122543 
114646 
135340 
124642 

114344 
135644 
130045 
130745 
134444 
133143 
136044 

552/44 



1003/44 

137046 
1250/42 
135747 
1222/42 
1301/42 
1303/40 
145241 
131746 
134546 

1169/40 
121946 
137241 
124646 
126346 

1372/40 
154040 

113746 
120246 
105446 

665Y41 

677/41 



656/45 

955/44 
915/44 



Dac 



561/51 
759/46 
719/49 



21742 15146 
156/46 65/44 

10046 22/32 
140/51 5V55 



114340 
115047 
113944 
120745 
111646 
121444 

651/42 
647/44 

593/61 
54147 

106446 
766763 

102644 
64143 
13464 

100346 

100346 



112046 
622746 



100544 
117644 
761/41 
106243 
621/40 
654746 
97346 
64346 

61646 
9444B 
66340 
66643 
91640 
66341 
95346 

46746 

64440 

65140 

1036/40 

1035/41 
117242 
965741 
1117/41 
106546 
1025/40 
1007/41 
110746 

662/44 
616/41 
106242 
636/41 
677/40 

1104740 
176646 

626/44 



695/27 
632/32 
92640 
69541 
69441 
99649 

662/47 
673/46 



677/47 
67543 
54641 
66647 
54646 
1067/14 
64646 
64647 
505746 
61340 



67046 
B5647 
96547 
53643 
60346 
642/46 
636747 
60346 



56541 
57641 



67147 
76140 
" 73143 
66046 
73143 
67646 
76241 

36440* 

46646 

46147 

617/47 
670744 
636740 
617/46 
1015/41 
625/42 



61347 
535/42 

67440 
72046 
774/44 
726746 
766/45 

101646 
113246 

43741 
•476746 
46344 

40246 
46340 



ASSIGNMENT SHEET #1 



INSOLATION AND PERCENT OFF FUSE TABLES, CONTINUED 
BTU per sq. ft. per <$ay /% DIFFUSE 



INDIANA 

F jft ^«yO< 

IOWA . 

, D«n M i \m r . 
Mason r ty 

s, -j. : w 

KANSAS 

f Do<ig»C'»y 
Manhattan 
Topa*a 
W-Chila 
KCNTUCKY 
Covington 

L»a>ngton 

LOuiSwill* 
. LOUISIANA 

Si ton RouO* 

La*» Ch«rl»« 

N«w Ori#*nt 

Sn/»v#port 
MAINE 

C«nbou 

Portland 
MARYLAND 

Annapolis 

Baitimor* 

Siivftf M.Jl 

MASSACHUSETTS 

Amaarst 
Slu* Mill 
Boilon 

Lvf>n 

MICHIGAN f 

Oatfoit 

East Laismg 

Flint 

GranO Rapids 
Lansmg 

Saul* Sia Man* 
t^avars* Ctty 
MINNESOTA 

Du'Mth 

tntarnai i Fans 

M n* Si Pa. 

Rochasta' 

St C*oud 
MISSISSIPPI 

Jackson 

Mandian 
MISSOURI 

Columbia 

Kansas C>'y 

St lotos 

Springti«id 
MONTANA 

Silling* 

Onion 

G>asgow 

G'*at Fans 

Ltwlton 
M'lasCity % 

Missoula • 
Summit 
NEBRASKA 

Grand 'siand 

Lincoln 

Nonn Omaha 
North Piatt* 
Scott a Biutf 
NEVADA 

ElhO 
Ely 



41 4' 
407' 

mo- 

41.0' 

3*7- 

41 T 

420" 
41V 
431' 
424 a 

37J- 

nr 
mi* 
vv 

mi- 
mo - 
ma- 
ms- 
Mi- 
mo- 

324- 

4SS- 
43t* 

mo- 
mj- 



422- 
422' 
424- 
42 3- 
42 3- 

42J- 
; 42 7- 
430- 
42S- 
42S- 
465" 
44 7- 

as- 
as- 

44 9- 
43J- 
4SS- 

; 32.3- 
323- 

mo- 
rn 3- 
mv 

372' 

46 J" 
452" 
412* 
478- 
4SI- 
470- 
444- 
4St- 
4S3- 

414' 
AOS" 
41 4' 
41 1* 
41 S' 

AOS' 

mj* 



E 


M4W 


Apr 

L 


May 


JurW 




Aus 


•mm. 


OA 






81247 


M17 4S 


14S&45 


1 752/42 


1966/3* 


1 93 7/3* 


17144* 


1356/40 


995/40 


594/50 


432755 


040/4* 


1 1B*'44 


15S441 


1*743* 


2112734 


207543 


1*51(34 


1500/34 


llOt/38 


882/45 


512/60 


860/4* 


1 133/4* 


15 14/44 


18644* 


209644 


2057/34 


1604/34 


1453/31 


1067/39 


• 75/47 


4907*4 


82240 


1150/47 


1500/45 


17|l/42 


1981/M 


1919/39 


'7344* 


1403/41 


1087/40 


58240 ' 


4987*7 


697'SI 


961 53 


1360/4* 


167Q/4* 


1640/42 


178*44 


1593/44 


1272/45 


924/4* 


5164* 


36944^ 


'4744 


1036/51 


1397/4* 


1 64 7*45 


16*6/42 


1805/42 


1642)41 


1323/44 


977/45 


579/55 


41742 


6604* 


W2/51 


1387/47 


1721/44 


19*1/40 


185i'4l 


1685/40 


1290/44 


909va 


497*4 


340V** 



1205/41 14H6/44 1770/42 

1 flO/42 1556/41 1666/3* 

1167/41 I 1517'41 , 1594/3* 

!ir,9/42' 1577/40 1 19004* 

I 

I4?642l 1U4/31 1 2069/32 

1272/41 { 1598/401 1943/37 

1640/3*1 1*144* 

1405735 ( 1 782/30 i 2035/35 

-i 

14**v45 1573/3* ' 

10V* 4 1 147M*; 1748/44 

110274*1 1466/44' 171-9/44 

1053/47 131444 1-860/41' t8704* 

1009/4*; 1313/4J! 1589/45' 1648/40 

tlll/45! 1414/42] 1779/MI 1906737 

10244* | 1394/41 ; 1721/3* 2020/34 



19944* , 
2123/34 
2112/34 
2122/34 , 

2356727 
2031/37 
2125734 
22*4*0 



1376/37 1 696/3* , 1353/40 

2096/33 1626/34 1433737 

2083/33 1 1632/33 ! 1404737 

2120/32 j 1 644/33 | 142047 

2294727 | 20640* 1 166572* 

1957/3* , 1*3941 15127m 

2127/32 | 190*02 ! 15157m 

223*72* ■ 2031/27 1 1*1640 



2142/33 247041 

189S/41 | 1*49/41 

1902/41 | 1S36/41 

19254* ! 1744/45 

19*9/3* 17*7/42 j 

2002737 , 1612742 

200647 2072733 



201*4* [ 147147 

1685741 I 13*1/42 

1679/41 I 13*0/42 

167*/42 1463/42 

1656/44 { 14*4/42 

1715/41 1513/41 

1*1744 15304* 



72444, 11324* 1407/44 15*5/4* 1749/4*' 1 74*44 • 14644* 
1303/4*1 1547/44 1710/47 1654/47 | 14*0/47 



205347 1 190*4? 1 172*4* 1411/40 1 10644* 
187*74 1 1 1822/42 I 1598/44 1330/44 9*7/44 
204847* 19024*'! 16*2/40 ,14834* 10*74* 



1895/41 19024* 1622/41 , 1217/4* 

1906/41 ' 1*43/41 » 1600/40 , 12*8/40 

1616/44 174*745 j 14*6/47 1 125*44 

19*3/3* i 198747 1556744 I 1253/44 

1508/54 1 1*91440 [ 16454* j 1323/41 




10104* 

1067/37. 
101047 
103747 

13004* 
10774* 
114*4* 
124940 

566751 

1043/42 
1042/42 

'13014* 
13*0/34 
1334/37 
1312/34) 



1093/44 ■ 682753 
1157/47 ! 822/44 



1834/41 
19*147 1 
j 1796/42 I 
i 19134* 
20064* I 
1*34/41 ' 
190*4* 



1574/44 1 

171*4* 

1554/44 

1675/40 

17734* j 

1522/44 ! 

160*/41 



•22744 
9 it/45 



1252/45 
13754* 
1195/4* 
1261/44 j 
139044 ; 
1049/50 
1165/4* 



1546/42 ' 1 0*5/4* 
161*4* | 1121/a 
16864* 1254/42 
1661/40 1 1250/44 
1*1043 j 13274* 

17*04* 1 1508/40 
173440 j 1453/44 

1*7*43 , 1449/34 
1*6244 14514* 
16164* , 14584* 
167244 i 147*4* 



•52/4* 
9*2741 

87V4J 
940)42 
8244* 
*5*/47 

951/41 
67344 
754/51 

725/50 
704/45 
659/44 
469/45 
8*441 
« 

1271/3* 
12574* 

11&J4* 
10924* 
10M4* 
11434* 



193841 | 150*44 

187343 151943 

185743 1372/40 

198444 156441 



102242 
•7747 
*2444 
92547 
•0447 
•6044 
612/44 
79442 



U3743 
ti9840 
10494* 

117640' 

19*84* j 159*4* 114541 

2314/1* [ 1691-1* (32222 
222941 1 1934/1* . 140741 



5*9/41 

553/45 
600/47 
642/45 

5*344 
8374* 
771/41 

• 7045 

51840 
•57/51 

85241 

• 19/4* 

916/47 
972/44 
5*445 

3*842 
459/55 

6*7/47 
MOM* 
745/44 

5*441 
5*340 
50347 
4*047 
542/54 

4734* 
5614* 
42*42 
44840 
51*4* 
3314* 
37744 

3*04* 
34540 
4*0/54 
4*44* 
53447 

•01/45 
•96/4* 

703/47 
737/44 
71*74* 
77574* 

561/44 
601/41 
47*74* 
49444 

521/4* 
502/47 
550/44 
40*47 
37*47 

73440 
7634* 
644/47 
7594* 
7234* 



527/4* 
4*7/60 
443/51 
4*940 

73244 
575/4* 
5*3/47 
•90/4* 

2*473 
4*5/** 
4*497 

73*41 
7067*4 
7744* 
730/4* 

31*47 
3*34* 

571/4* 
4*97** 
•00/44 

45743 
474*0 
402/57 
38940 
4*4/4* 

34344 
3*4*7 
3094* 
3114* 
4134* 
2534* 
75*4* 

29140 
2714* 
35347 
3704* 
453/44 

708/44, 
89941 

52243 
561/4* 
53043 
•02/4* 

421/47 
450/45 
33340 
335/63 
3*441 
3*3/50 
3*447 
2*744 
2*04* 

5*444 

6344* 

511/4* 
605/40 
>75/41 



61244 ; €16/40 
9254* | r 22/34 



ERIC 



1 



'in 



ASSIGNMENT SHEET #1 



INSOLATION ANO PERCENT DIFFUSE TABLES, CONTINUED 
BTU per ft. per day /% DIFFUSE 




1 'i ~i 
1 yJ I 



ASSIGNMENT SHEET #1 



INSOLATION AND PERCENT DIFFUSE TABLES;"CONTINUED 
BTU per ft. per day/% Dl FFUSE 



City 



May 



July 



Aug 



Stpt 



Oct 



Nov 



Rapid City 
' Siou* Fails 
TENNESSEE 
Chattanooga 
Memphis 
Na»nvul« 
Oak Ridge 
TEXAS 
Abi'tne 
Amafitlo 
BiQ Sp"ng 
Brownsville 
Co'pu* Christi 
Danas 
Ei Paso 
Fort Worth 
Houston 
Kingsviiie 
lubtjock 
Luffcth - 
Midland 
Port Arthur 
San Angelo 
San Antonio 
Waco 

Wichita Fans. 
UTAH 

Cedar C.ty 

Salt Lake City 
VERMONT 

Burltngt^n 
VIRGINIA 

Mt Weather 

Norfolk 

Rtchmnnd 

Roanoke 
WASHINGTON 

Olympia 

P'osser 

Pullman 

Richland 

Saaltie 

Spokane 

Tacoma 

Wh.dtvy is 
WEST VIRGINIA 

Chariesion 

Parkersburg 
WISCONSIN 

Eau Claire 

Graan Bay 

La Crosse 

Madison 

Milwaukee 
WYOMING 

C|3P*< 

Cheyenne 

lander 

Laramie 

Ro k Si>' ngs 

Shendan 



441' 
431* 

3W* 
350* 
360* 
MO* 

324* 
362* 
32 2* 
259* 
271* 
321* 
31 •* 
321* 
300* 
27 5* 
330* 
.31.T 
'311* 
»9* 
314* 
255* 
311* 
34 0* 

377* 
401* 

445* 

351' 
351* 

371* 

37 3* 

470* 
44.2 * 
tt.7* 

as* 

47.4* 
47 7* 
47 2* 
413' 

354* 
353* 

441' 
44S* 
439* 

431* 
421* 

41 1 * 

42 •* 
41 3* 
41 •* 
44S* 



626/41 1226/31 
601/44 1152/42 




425/51 

634/41 
676/46 

631/50 
660/41 

76546 

431/50 
453/47 
31 7/64 
266/65 
314/62 
262/66 
293/65 

496/60 

527/56 

452/53 
451/53 
481 51 
515/50 
479/54. 

662/34 
765/31 
646/16 
626/25 
/34*3 
517/45 



a 858/53 
944/46 
682/56 
877/50 

1182/36 
1242/31 
1268/33 
1135/47 
1146/45 
1071/44 
1479/23 

i3$4/46 

116V45 
1331*4 
1066/46 
1312/26 
1070/47 
1207/36 
1354/44 
1065/44 
1122/36 

1179/30 
968/37 

678/$ 

1010/36 
932/46 
875/44 
899/47 

503*0 
616/37 
671/46 
741/44 
501/56 
606/51 
495*0 
532/55 

706/M 
745/54] 

746/46 
725/49 
764/49 
603/45 
736/49 

1013/30 
1067/30 
1163/19 
1099/28 
1088^29 
767/42 



1178/44 
1277/44 
1188/56 
1202/47 

1575/33 
1630/29 
1716729 
1456/42 
'1437/42 
1421/44? 
1908/20 
1401/40 
1296/47 
1434/42 
1 761/24 
1375/42 
1636723 
1353/45 
1605/33 
1449/41 
1427/40 
1471/37 

1634/25 
1453/30 

1065/44 

1246/42 
1260/42 
1210/45 
1235/45 

'844/55 
12*4/31 
1095/41 
1228734 
9"*3/47 
l0l0/44 
84944 
917/50 

1009/54 
1113/44 

1069/44 
1103/44 
1100/45 
1135/44 
1088744 

1441/29 
1432/31 
1662/18 
1563/24 

1530/25 
1204/34 



1548/3! 

1542/40 

1549/44 
1638/4 J 
1638/49 
1646/40 

1842/34 
2017/27 
2126/23 
1736/40 
1641/42- 
1626/42 
2362/19 
1910/42 
1522/47 
1662/42 
2166/22 
1623/42 
2191/22 
1609/44 
1649/34 
1611/44 
1611/42 
1762/37 

2091/23 
1993/26 

1449/44 

1526/44 
1676/39 
1565/42 
1561/42 

1255/50 
4921/24 
1661/33 
1721/32 
1460/41 
1494/40 
1293/46 
1345/45 

1355/50 
1397/46 

1425/45 
1436/44 
1426/45 
1397/46 
1441/45 

1846/24 
1769/33 
2036/22 
1836/31 
1943/27 
1537/40 



1685/34 
1892/34 

1730/44 
1444/34 
1911/44 
1896/34' 

2036/34 
2210/24 
2109/32 
T926/36 
1865/39 
1897/39 
2599/19 
1842739 
1773/42 
1963/34 
2394/22 
1865/40 
2429/21 
146009 
2030/34 
189309 
1773/42 
2016/34 

2466/20 
2361/23 

1766/41 

1673/39 
1696/34 

1761/42 
1763/42 

1631/44 
2271/24 
1998/33 
1902/37 
1847/34 
191 7/34 
17*3/42 
1760/40 

1639/47 
1795/41 

1680/45 
1718/44 
1 71 2/44 
1 742/42 
1767/42 

2202/29 
1994/34 
2156/24 

2020/33 
2343'23 
1882/34 



2130/33 
2096/34 

1630/42 
2043/37 
2061/43 
2009/34 

2208/31 
2392726 
2186731 
2114/32 
2092733 
2134*3 
2690/19 
2145*3 
1997/40 
2035/36 
2543/21 
2054*4 
2561*0 
2009*7 
2185*1 
2064*4 
2111*3 
2220*1 

2704/19 
2559*1 

1949/39 

1935/40 
1999*4 
1971/42 
1441/41 

1992/47 

2507*2 
2529/21 
2385*8 
1921/40* 
2042*4 
1 801/44 
1820/45 

1774/45 
1994*4 

1870/42 
1906/41 
1904/41 
1947/40 
1976*9 

2500/22 
2257/30 
2488/23 
2311*9 

2573*0 
2155/3X 



2222/29 
2149/31 

1734/45 
1971*7 
2033/43 
1921/39 

2136732 
2279*8 
2035*4 
2211*9 
2144/30 
2120*2 
2449*2 
2144*1 
1927/41 
2110*2 
2410*3 
2005*4 
2344*3 
1945/41 
2121/32 
2120*2 
2129*2 
2165*1 

2502*0 
2548718 

1950/36 

1860/40 
1652/41 
i 7 73/44 
1795/42 

1912*9 
2604/19 
2603/19 
2124*2 
2090*2 
2355*4 
2246/29 
1911/35 

1642/47 
1939/34 

1865/40 
1467*4 
1499*9 
1933*4 
1960/34 

2533/19 
2229*9 
2349*3 
2166*0 
2546/19 
2327*5 



1961*9 
1943*3 

1629/44 
1823*7 
1845/44 
1755*9 

1955/32 
2102*7 
1725/41 
2024*1 
1999*2 
1949*3 
2243*2 
1972*2 
1645/42 
1921*4 
2207*4 
1962*4 
2204*4 
1735/41 
1995*2 
1946*3 
1957*3 
1998*2 

2240*1 
2252*0 



4079/41 
1999/44 
1919/44 

1544/42 
2227/19 
2035*4 
2216/19 
1685*9 
1941*9 
1615/40 
1592/40 

1514/47 
1764/37 

1619/41 
1621/41 
1865/40 
1707*4 
1718*4 

2224*0 
1985*0 

2134*3 
1939/31 

2238*0 
2005*7 



1517*1 
1409*4 

1335/44 
1470/40 
1561/44 
1537/37 

1596*7 
V59/29 
1924*9 
1692*7 
1694*4 
✓.1546/37 
1996*2 
1110*4 
1470/4? 
1624*4 
1819*7 
1529/40 
1843*8 
1524741 
1406*7 
1634*7 
1600*7 
1601*4 

1967/19 
1942*0 

1264/49 

1342/42 
1395/41 
1347/44 
1357/44 

1156/45 
1tt9*0 
1574*4 
1430*2 
1209/41 
1434*1 
1146/45 
1173/40 

1272/44 
1453*4 

1196/45 
1217/44 
1242/44 
1299/41 
1309741 

1749/21 
1666/27 
1711*3 
1546/32 
1632/19 
1500*j4# 



1063/32 
1005*7 

1104/42 
1204/34 
1199/44 
1T 75/34 

1313/34 
•l 403*4 
1423*0 
1434*7 
1415/39 
1275*7 
1638*1 
1274*7 
1275/40 
1349*7 
1467*7 
1344*4 
1521*7 
1321*4 
1334*4 
1349/37 
1301*7 
1291*4 

1459*1 
1293*4 

134 44 

1038/41 
1042/41 
1032/44 
1040/41 

636/54 
1Q10*1 
944/34 
844/42 
997/51 
440/40 
954754 
655/63 

971/44 
1047/41 

626/44 

620/47 
893/44 
910/44 
907/44 

1216*4 
1241*7 
1312/19 
1179*0 
1305*2 
1005*4 



646740 
607/46 

772/44 
915/44 
404757 
778/47 

1007*4 
1032/31 
1073*3 
1054/41 
1072742 

934/41 
1243*4 

924742 

924/47 
1034/44 
1114*9 

962/42 
1174*9 

952748 
1043*7 
1004/42 

958/42 

954*4 

992*4 
797/34 

433/59 

745/44" 
911/41 
733/47 
764/45 

339*4 

501 /a 

542/44 
457/93 
391*7 
397/64 
337/44 
357/40 

613/59 
414/53 

450/57 
465*6 
494/55 
504*1 
524*4 

744*2 
4*2*2 
874*3 
837*1 

626*1 
590/44 



<-478/4l 

44 yw 



AL6ENTA 

Edmonton 

tethpridge 
9AITISH COLUM9IA 

*anri)uw 
MAN1T08A 



NEW 9RUNSWICK 

Monrton 
NEWFOUNDLAND 

St J^hnS 
ONTARIO 

Otta«4 

SapwM^.nq 

Tr>/or t'j 
OUE9EC 

Mnn* i! *' 



539* 
49 9* 

490* 

597* 
49 9* 

a 1* 

47 5* 

45 4* 
494* 
43 7* 




328/39 
442/39 



240/23 
463/31 

' 369/56 

29V64 

531/42 
405/45 
446/55 



553/23 
829*7 

664/51 

553/56 

841/37 
700^39 
682'5< 

73/T45 



689*2 



1124/19 

1336*3 

1069/44 

845/51 

12 35/34 
1143/34 
1077/49 



1522/34 
1546/37 



1640*4 
1618/33 

1401 '45 

1180/53 

1486/41 
1364/45 
1372'47 

1435*42 



1676/34 
1 91 7*4 



1680/33 
1680/37 

1622/44 

1475/50 

1632/39 
1512-46 
1762/42 

1733/42 



1691/41 
2136*3 



1954/38 
1935/40 

1659/44 

1585/SO' 

2057*4 
1770/46 
1917/40 



1939/37 
2249/28 

2009/34 

"1 862/38 
2094/32 

1 733/45 

1622/44 

2016/38 
1 770/42 
1943/38 

1880/40 



1504/41 
1917*8 



1401/42 
1740*4 

1512/45 

1253/54 

1729/37 
1475/45 
1600/42 

1622/40 



1099/40 
1364/31 



829/49 

1179/41 

1143/44 

"1032/50 

1309/39 
995/50 
1268/42 



693*9 
645/33 

590/54 

424/53 
756/42 

774/44 

627/56 

615/44 

590/54 
926/44 

?37'51 



409/39 

516*7 



22N/4S 
439/44 



453/55 
295/44, 
453/54 

369/94 

• 
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ASSIGNMENT SHEET #1 



COLLECTOR TILT FACTORS 





LATITUDE 


JAN 


FEB 


MAR 


APR 


MAY 


JUNE 


JULY 


AUG 


SEPT 


OCT 


NOV 


DEC 


COLLECTOR 


24 


1 13 


1 09 


1 04 


1 00 


0 97 


0 96 


0 97 




1 04 


t 10 


1 12 


1 15 


TILT = 


32 


1 34 


1 24 




0 99 


0 93 


0 94 


0 92 


096 


1 11 


1 28 


1 34 


1 42 


LAT. - 15 


40 


1 67 


1 41 


1 2a 


1 01 


090 


090 


0 69 


1 02 


1 21 


1 42 


1 73 


1 76 




41 


2 18 


1 64 


1 51 


* 1 10 


1 0 96 


0 80 


0 95 


1 06 


1 43 


1 73 


2 2l 


256 


COLLECTOR 


24 


1 31 


1 21 


1 08 


0 95 


0 87 


0 85 


0 87 


0 94 


1 08 


1 21 


1 28 


1 37 


TILT* 


32 


1 56 


1 39 


1 16 


0 97 


X) 79 


0 76 


0 76 


0 96 


1 ,15 


1 45 


1 56 


.1 71 


LATITUDE 


40 


f 95 


1 55 


1 28 


0 98 


0 75 


075 


0 74 


1 00 


1 25 


1 57 


2 05 


2 10 




4t 


2 53 


1 80 


1 57 


1 08* 
■4 


090 


0 74 


0 89 


1 05 


1 49 


1 90 


2 63 


304 


COLLECTOR 


24 


1 40 


1 25 


1 06 


0 QQ 


0 70 


0 67 


0 70 


0 79 


1 05 


1 27 


1 36 


1 50 


TILT =* 


32 


1 69 


1 45 


1 13 


0 89 


0 59 


0 55 


0 58 


0 88 


1 12 


1 54 


1 68 


1 89 


LAT -f 15 


40 


2 It 


1 60 


1 25 


. 0 91 


0 67 


065 


0 66 


0 92 


1 23 


1 63 


2 24 


2 30 




41 


2 72 


1 65 


1 54 


•too 


0 79 


065 


0 78 


0 97 


t 45 


1 98 


2 84 


334 


COLLECTOR 


24 


1 10 


1 07 


1 03 


1 00 


0 97 


U 90 


0 97 


1 00 


1 03 


1 07 


1 09 


,1 12 


TILT * 


32* 


1 27 


1 20 


1 09 


0 98 


0 93 


0 95 


0 92 


0 97 


1 09 


1 22 


1 26 


1 33 


LAT - 15 


40 


1 52 


1 33 


1 16 


0 98 


0 89 


0 89 


0 69 


1 00 


1 16 


1 34 


1 59 


1 61 






1 93 


' 1 50 


1 42 




0 94 


0 78 


0 93 


1 04 


1 35 


1 57 


202 


2 23 


COLLECTOR 


24* 


1 24 


1 16 


t 06 


(T95 


0 68 


0.86 


0 88 


0 94 


1 05 


1 17 


1 21 


1 26 


TILT- 


32* 


1 44 


1 3l 




0 96 


0 79 


0 76 


0 78 


0 95 


1 1 1 


1 36 


1 43 


1 56 


LATITUDE 


40' . 


17* 


1 44 


1 21 


096 


0 74 


0 74 


0 73 


0 97 


1 19 


1 46 


1 64 


1 67 




4T 


2 20' 


1 61 


1 45 


1 03 


0 66 


0 73 


0 87 


1 01 


1 36 


1 71 


2 31 


260 


COLLECTOR 


24" 


1 32 


1 19 


1 03 


n tkf\ 

U OU 


0 72 


0 69 


0 72 


0 79 


1 03 


1 20 


1 26 


1 38 


TILT* 


32 


1 53 


1 46 

1 OD 


1 09 


0 69 


0 59 


0 56 


0 58 


0 86 


1 08 


1 42 


1 52 


1 70 


LAT + 15 


40 


1 85 


1 47 


1 16 


088 


0 67 


066 


066 


0 90 


1 15 


1 50 


1 96 


2 03 




4T 


234 


1 64 


1 41 


0 95 


0 78 


0 64 


0 77 


0 93 


1 34 


1 75 


2 46 j 


212 


COLLECTOR 


24" 


1 07 


1 05 


1 02 


1 00 


0 98 


u 97 


0 96 


099 


1 02 


1 05 


1 06 


1 09 


TILT- 


32' 


1 20 


1 15 


1 uo 


0 97 


4 93 


0 95 


0 92 


0 96 


1 06 


1 17 


1 19 


1 25 


LAT - 15 A 


-* 40f 


1 38 


1 25 


1 13 


0 96 


6 86 




0 88 


0.98 


• •< 


1 OR 




i a& 




41* 


1 69 


1 35 


1 33 


1 02 


092 


0 77 


0 91 


1 00 


1 27 


1 42 


1 77 


1 90 


COLLECTOR 


24* 


1 17 


111 


1 04 


0 94 


0 89 


0 87 


0 89 


0 93 


1 03 


1 12 


1 13 


A? 


TILT m 


32* 


1 3i 


1 OA 


1 07 


0 94 


0 79 


0 76 


0 76 


0 94 


1 07 


1 26 


1 36— 


1 41 


LATITUDE 


40* 


1 53 


1 32 


1 14 


0 93 


0 73 


0 74 


0 73 


0 95 


1,12 


1 35 


1 DO 


1 DO 




4* 


1 87 


1 42 


1 34 


099 


086 


0 72 


085 


0 97 


126 


1 51 


T.98 


216 


COLLECTOR 


24' 


1 22 


1 u 


1 00 


0 80 


0 73 


0 71 


0 73 


0 79 


1 00 


1 13 


1 16 


1 25 


TILT = 


32" 


1 17 


1 26 


1 04 


0 88 


0 59 


0 56 


0 58 


0 87 


1 03 


,1 30 


1 36 


1 50 


LAT + IS 


40* 


1 60 


1 34 


1 10 


086 


066 


066 


066 


081 


1 08 


1 37 


1 72 


1 76 




4T 


1 96 


1 43 


1 29 


0 91 


0 77 


064 


0 76 


089 


1 23 


1 52 


209 


2.31 


COLLECTOR 


24 


1 04 


1 03 


,1 01 


1 00 


091 


0 97 


0 91 


099 


1 01 


1 03 


1 04 


1 05 


TILT* 


37 


1 12 


1 1 1 


1 04 


096 


0 93 


096 


0 92 


096 


1 04 


1 11 


1 12 


1 16 


LAT - 15" 


4F 


1 24 


1 17 


1 08 


094 


088 


o% 




096 


1 07 




1 30 


1 31 




4T 


1 44 


1 22 


1 24 


0 96 


090 


0 75 


^89 


0 97 


1 19 




1 53 


1 57 


COLLECTOR 


24 


1 10 


1 07 


1 01 


094 


090 


0 89 


090" 


093 


1 01 


1 07 


1 06 


1 11 


TILT* 


32 


1 19 


1 16 


1 03 


0 93 


0 79 


077 


0 78 


093 


1 03 


1 17 


1 18 


1 26 


LATITUDE 


40 


1 33 




1 07 


090 


0 73 


0 74 


0 72 


093 


1 06 


1 23 


1 42 


1 43 




41 


1 55 


1 25 


1 22 


094 


084 


0 70 


084 


0 93 


1 18 


1 31 


1 66 


1 72 


COLLECTOR 


24 


1 12 


1 06 


0 96 


080 


0 75 


0 73 


^)75 


0 79 


0 97 


1 06 


1 05 


1 13 


TILT - 


37 


1 21 


1 17 


099 


0 87 


060 


0 57 


0 59 


086 


099 


1 16 


1 19 


1 31 


LAT. + 15 


40 


,1 35 


1 20 


1 02 


083 


066 


066 


0 65 


086 


1 01 


1 24 


1 47 


1 49 




4t 


1 58 


1 23 


~t 16 


0 87 


0 76 


0 63 


0 75 


0 65 


1 12 


" 1 29 


1 71 


1 79 



r 
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^ ASSIGNMENT SHEET #1 

STUDENJ WORKSHEET 

. \ CPA SUN-CHART CALCULATION WORKSHEET 



JQB 

LOCATION 
LATITUDE 






* 

COLLECTOR TYPE 
COLLECTOR TILT 
APPLICATION 




f 


B 


c 


D 


E 


F 


G 


H 


J 


K 


L 


RESULT 


C 


COLLECTOR 
HEAT GAIN 
FACTOR 
(TABLE 8) 
ORMfG S 
LIT 


COLLECTOR 
HJEAT LOSS 
FACTOR 
(TABLE 8) 
OR MFG S 
LIT 


AVERAGE 
DAYTIME 

AIR 
TEMPERA 
TURE F 


HORIZONTAL 
SOLAR 
ENERGY 
(FROM 
TABLES) ' 

APPENDIX B 


COLLECTOR 
TILT FACTOR 
{FROM TABLE) 
APPENDIX C 


INCIDENT 
ENERGY 

F D x E 


COLLECTOR 

INLET 
TEMPERA 

TURE 
(TABLE 9) 
F 


ft 

COLUMN G 
COLUMN C 
F 


■ J 

e«2H 




L IS 
FOUND FROM 
FPGURE 41 
USING K 


TOTAL 
ENERGY 
COLLECTED 

- F x L 
BTU SO 
FT DAY 


JANUARY, 




_ 






















FEBRUARY 
















\ 










MARCH 


























APRIL 


> 
























MAY 




• 























JUNE 




- 






















JULY 




r 


i 








• i « 












AUGUST 


























SEPTEMBER 


























OCTOBER 












i ■ 














NOVEMBER 














/ 












DECEMBER 
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ASSIGNMENT SHEET #2 



Step 4: Find the combined space and water heating requirement for the month of March; 
in the completed worksheet, this figure is 275,200 Btu/day 

(NOTE: This figure must be interpolated from the chart in Figure 1, Assignment 
Sheet #2,) 

Step 5: Make a preliminary estimate of required collector area by dividing 544 into 
275,200; the answer is about 500 square feet 

Step 6: Make a numerical check of estimated collector area by dividing the total solar 
heat collected (1,715,720 Btu from the chart in Figure 1) by the annual heat 
requirement (2,J 88,920 from the chart in Figure 1). 

Example: In any month, only that portion of the collectable energy which 
can be applied to the loadjs considered; in May when only 68,950 
Btu/day are required, only this portion of the available solar heat 
is applied to the bad 

For the sample Nashville application, the estimated collector area of 500 square 
feet would supply 78% of the annual load (see the chart in Figure 1). Since this is 
higher than desired, an adjusted collector area of 400 feet should be considered. 
This yields a result of 68% of the total load supplied by solar energy, and is 
consistent with the recommended guidelines of 60 to 70 percent. Another trail 
can be made using 350 square feet of collector area. This yields 62% of the annual 
heating requirement, so the collector selected should be between 350 and 400 
square feet 



, 0 
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ASSIGNMENT SHEET #2 



Step 7: Check your calculations by drawing a graph to show the amount of useful solar 
heat produced by the square footage of the collector area; in the example in 
Figure 2, this availability of useful solar heaUs indicated by the shaded area and is 
based on 350 square feet of collector area 

FIGURE 2 

— TOTAL SPACE ANO OH W HEATING REQUIREMENT 

— - CALCULATED COLLECTOR PRODUCTION (350 SQ FT OF COLLECTOR) 

USEFUL COLLECTOR PR00UCTI0N 

450 



< 

o 

cc 
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Courtesy Copper Development Association Inc. 
Assignment: Refer to the worksheet you completed in Assignment Sheet #1 and size a 
collector for the application assigned for that activity; interpolate from the chart in Figure 1 
as required or make new entries for Btu/day requirements as your personal worksheet 
dictates; sketch a graph to check your calculations and model it after the graph in Figure 2. 
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LOAD CALCULATIONS AND SOLAR COOLING 
< UNIT Ml 



NAME 



riglit 



TEST 



1. Match the terms on the right with their correct definitions. 

a, British thermal^ unit; the amount of heat" 

required to raise the temperature of one 
pound of water one degree Fahrenheit 



_b. British thermal units per hour; unit used to 
express hourly heat flow 

_c. The air temperature as measured by an 
ordinary thermometer 

_d. The air temperature as measured by a ther- 
mometer whose bulb is covered with a wet 
cloth or wet wick and moved in air that has a 
, velocity of one thousand feet per minute 

_e. The amount of heat lost through all building 
% surfaces, walls, floors, dpors' and windovfrs 
exposed to outdoors or to adjoining spaces 
with different temperatures 

^f. The amount of heat gained through all 
building surfaces, walls, floors, doors, and 
windows exposed to outdoors or from ad- 
joining • spaces with different temperatures 

jj. The total heat loss and heat gain of aistruc- 
ture expressed in Btuh; this^alculatiofns used 
to size heating and cooling equipmem 

h. Controlled air brought into a structure 

\ 

J. Uncontrolled air that leaks into a structure 

j. The amount gf water vapor or moisture that is 
present in the atmosphere or any material 

k. The percentage of moisturp in the air com- 
pared to the total amount <Jf moisture the air 
could hald at the same temperature and 
barometric pressure 



1. Psychometrics 

2. R-value 

3. Load 

4. Heat loss 

5. Btuh 

6. Dry-bulb 
temperature 

7. Cfm 

8. Nomogram - 

9. Refrigerant 

10. Wet-bulb 
temperature 

11. Absorbent 

12. Heat gain 



I. 



The science of "measuring and changing the 
properties of air 



J9 



m. The science of heating and cooling with 
liquids 

n. A chart which can be used with a straightedge 
to determine the square footage requirements 
of a collector 

o. A substance used in refrigerating mechanisms 
to absorb heat in the evaporator 

i>. A liquid which combines chemically with 
a refrigerant and causes heat to beteleqsed in 
the process of combination 

q. The rating given to a material's ability to 
resist heat transfer 



13. Ton of 
refrigeration 

14. Ventilation 

15. Hydronics 

16. Humidity 

17. Btu 

18. Relative 
humidity, 

19. Infiltration 

20. Chiller 



r. Cubic, feet per minute 

s. A refrigerating effect equal to 12,000 Btuh 

t. The component in an absorption cooling 

unit which absorbs heat from the circulating 
water supply 

2- Solve the following problem concerning considerations for establishing'heat require- 
ments for solar water heating: An application for a solar hot water heating system will 
have a water supply from a deep: well; wHI this make the task of determining the 
temperature of the inlet water ?upply easier or more difficult, and why? 



3. Solve th* following problem concerning the concept of degree days and its formula: 
The mean temperature on a given day r is 47 # F; what would be the number of degree 
day* for this specific calendar day? J 

4. Solve the following problem concerning the concept of the degree day adjustment 
factor and its application: If the heating requirement for a given solar system appli- 
cation has been established at 28,000 Btuh, and the degree day adjustment factor has 
been established at 17, what would the adjusted heating requirements be? 



5. Solve the following problem concerning the sun^hart worksheet and its apfflications: 
Use of the sun-chart worksheet assumes certain characteristics of a solar system; 
does one of those assumptions state that the collector must be an air-to-air type? 



6. Solve the following problem concerning the procedure for collector sizing: As a rule 
of thumb, what is a quick way to size a collector for a domestic hot water system? 



,7. Select true statements concerning rules of thumb for solar refrigeration systems by 
placing an "X" in the appropriate blanks. 

a. Since refrigeration systems affect coolifig by removing water from the 

air as it comes in contact with a cold, refrigerated surface, conventional 
vapor-compressor cooling systems using electric motors are adaptable 
to systems using solar energy 

b. Absorption systems are not adaptable to systems using solar energy 

c. For economic reasons, \he absorption systems appear to b6 the most 

usable in solar systems , ' 

/; d. Absorption systems currently available include: 

1 . Lithiunrvbromide-water units 

2. Water-ammonia absorption units 

e. Water-ammonia absorption units are more commercially available than 

other types of units 

8. Complete the following list of statements concerning basic concepts of solar cooling 
with absorption systems. 

•» 

a. Absorption systems are similar in principle to an ordinary, electrically operated 
vapor-compression 

■si—— — ' 1 . 

b. Instead of a refrigerant like Freon in a cpnventional air conditioner, inorganic 

refrigerants, such as are used in an absorption machine 

together with an absorbent 

c. An absorbent is a liquid which combines chemically with the 

and releases heat from the fluid mixture in the combination process 

w 

d. In a lithiunrvbromide-water unit, water is the refrigerant and the lithium-bromide 
is the 



e. In an ammonia-water unit, ammonia is the refrigerant and water is the absorbent 

9. Match the types of lithiunrvbromide-water units on the right with their characteristics. 

a. Cools air which contacts the cooling coils 1. Water chiller 

b. Cools water which contacts the cooling 2. Air chiller 

coils 



10. Select true statements concerning operating principles of an absorption air condition- 
er by placing an "X" in the appropriate blanks. 

a. The cycle begins when wgter in the liquid mixture in the generator is boiled 

off and superheated with solar energy at a temperature between 170 and 
21ffF 

b. The superheated water vapor passes from the generator to the condenser 
where it is cooled to about 100*F by the cooling water from an outdoor 
cooling tower 

y 

c. The vapor condenses to a liquid and is then revaporized through ah expan- 
sion valve which cools the vapor-liquid mixture to a temperature of 100*F 
in the evaporatorcoils 

d. The heat in the room air or water which is brought in contact with the 

evaporator is removed by the cooled refrigerant in the evaporator 

e. The refrigerant then passes to the absorber where it recombines with* 

the concentrated ammonia solution from the generator at a temperature 
of about 100*F 

f. In this recombination process, refrigerant is released^ and the water is 

removed by the cooling water from the cooling tower 

g. The difute solution of lithium-bromide and water in the abaorber flows 

by gravity, or is pumped back to the generator, and the cycle is repeated 

* » 

_ 1 v h. Some ammonia-water systems use a recouperator as a heat exchanger 

to make the'system thermodynamically more efficient 



11. Circle ttj^words which best complete the following statements concerning systi 
flow in a water chiller application. 




a. The absorption chiller should be situated (away from, close to) the hot water 
storage tank to minimize heat loss from the pipelines connected to the tank 

b. Hot water from the top of the storage tank is pumped through the (generator, 
condenser) by pump (P-2) and returned to the bottom of the tank; note that the 
piping connection goes through the auxiliary boiler 

c. When the (water, temperature) in the storage tank is insufficient to operate the 
absorption chiller, the auxiliary boiler is used to provide heat to the generator 

d. When the auxiliary boiler is used, the three-way- valve at jhe\ottom of the aux- 
iliary boiler circulates the return water only through the auxiliary boiler so # 
that auxiliary energy (is, is not) used to heat thfe solar storage xfnk 

e. Pump size and head depend on the (flow, heat) rate and pressure loss through 
the system and also the size and length of piping 0 

f. A wet cooling tower is needed with the absorption chiller to discharge the (water, 

heat) from the condenser and the absorber to the atmosphere 



lis 



g. The (flow, stee) of the cooling tower depends on the size of the absorption 
machine and the wet-bulb temperature of the ambient air 

h. A pump (P-3) is needed to circulate the cooling'water from the (tower, ^enep^*"^ / 
ator) through the absorber and condenser Qf the absorption machine / 

i. Chilled water from the evaporator is circulated to the fan-coil unit to cool the air 
in the (cooling tower, rooms) 

12. Solve a 'problem concerning evaporative cooling with rock^bed storage: Would you 
recohimend an evaporative cooling system with rock-bed storage for an application 
in Phoenix, Arizona, and why or why not? 



13. Complete a sun-chart worksheerfor a specific solar application. 

14. Size a solar collector for a combination DHW and space heating solar system. 

(NOTE* If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) 
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LOAD CALCULATIONS AND SOLAR COOLING 
* UNIT III 



ANSWERS TO TEST 



1. a. 


17 


k. 


18 


b. 


5 


I. 


1 


c. 


6 


m. 


' 15 


d. 


10 


n. 


8 


e. 


4 


0. 


9 


f. 


12 


P- 


11 


9 


3 


q. 


2 


h. 


14 


r. 


7 


i. 


19 


s. 


13 


f i- 


16 


t. 


20 



2. Easier, because deep wells produce water at a relatively constant temperature 

3. 18 degree days 

4. Somebody has made a mistake in calculating the degree day adjustment factor be- 
cause it can never be more than 1.0, so the adjustment factor will have to be calcu- 
lated again. 



5. 
6. 
7. 
8. 



No 



Size it so that it supplies 100% of the heat requirements for the month of May~^ 



c,d 

a. Air conditioner 

b. Water and ammonia 





c. 


Refrigerant 


t 






d. 


Absorbent 






9. 


a. 


2 








b. 


1 






10.' 


a, b, 


4g 






11. 


a. 


Close to 


f. 


Heat 




b. 


Generator 


g. 


Size 




c. 


Temperature 


h. 


Tower 




d. 


Is not 


i. 


Rooms 




e. 


Flow 







12. 
13. 
14. 



Yes, Phoenix is in a semi-arid region with cool night and low wet-bulb temperatures 
Evaluated to the satisfaction of the instructor 
Evaluated to the satisfaction of the instructor 
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fftsiVE SOLAR AND OTHER SOLAR CONCERTS 
UNIT IV * ^ . 

— _^ 4 

UNITOBJEJflVE 

After comiiletion of this unit, the student should be able to discus? features of passive solar 
design, how these features can be used to complement each other, and tl^f characteristics of 
other passive solar concepts. The student should also be able to list the functions of com- 
ponents in a photovoltaic solar system, discuss basic rules for solar access planning, calculate 
shadow patterns, orient and landscape a model house and lot for maximum solar- benefit, 
and build and operate a solaf still. This knowledge will be evidenced by correctly performing 
the procedures outlined in the assignment and job sheets and by scoring 85 percent on the 
unit test. 



SPECIFIC OBJECTIVES 



After completion of this unit, the student should be able to: 

o 1. Match terms related to passive solar and other solar concepts with their correct 
definitions. ^ 

2. Select true statements concerning orientation for natural ventilation. 

*> 

K ' 

3. Solve a problem concerning the importance of wall-roof ratios. 

4. Complete a .list of statements concerning ways to use atriums in passive solar 
design, 

6 f Circle the words which best complete, statements concerning the uses of earth 
berms in passive solar applica^ns. 

6. Complete a list of statements concerning entry locks and their uses in passive solfcr 
design. •» 

* ) 

7. Select true statements concerning greenhouses and their uses as' entry locks 
in passive solar design. 

, '•• 8. Solve a problem concerning v/ndow shutters and their uses in passive solar 
$| design. 

« f 
9. List six passive solar design features that function to complement each other. 

10. Mptch other passive solar concepts wfth their characteristics. 

1 1 . Arrange in order the process for making photovoltaic solar cells. 

12. State how a. photovoltaic solar cell works. 

13. Match components of a photovoltaic system with their functions. 



14. Match terms concerning solar access with their definitions. 

15. Complete a list of statements concerning solar azimuth and, its use in sojar access 
planning. 

v.. 

16. Select true statements concerning $^yspace and its us? in solar access planning. 

17. Circle the words which best complete statements concerning rules of thumb 
for planning solar^access. 

.18. Match basic levels of solar access with t^eir requirements. 

*f 19. Select true statements concerning shadow patterns and their significance. 

20. List three tree characteristics that must be considered in solar access planning. 

21. Solve a problem concerning topography andTts relation to selar skyspace. 

22!! Complete a list of statements ^concerning relations and codes affecting solar 
applications. 

23. Calculate the shadow pattern of a pole. 

t * 

24. Demonstrate the ability to: 

a. Orient a model house and landscape a model Ipt for maximum solar benefit. 
^ b. Build and operate a solar still. 



PASSIVE SOLAR AND OTHER SOLAR CONCEPTS 
UNIT IV 



SUGGESTED ACTIVITIES 

I. Provide student with objective sheet. 

1 1. Provide student with information, assignment, and job sheets. 

III. Make transparencies. 

IV. Discuss unit and specific objectives. 

V. Discuss information and assignment sheets. 

VI. Discuss and demonstrate the procedures outlmed in the job sheets. 

VII. Locate homes or businesses in your area that use passive solar concepts effectively, 
and plan a field trip to two or three of the installations; earth-sheltered homes, 
effective earth berms, arjdThrombe walls provide goocrtubjects. 

VHI. Invite a local or area building inspector to discuss building codes and regulations 
that affect solar installations in your arjea. 

IX. Have students investigate the status of solar access laws in your state and make 
reports in class; local stata-^epresentatives or state senators can usually^provide 
this information. 

X. Visit a local greenhouse or invite the owner of a local greenhouse to talk to the 
class about the value of solar energy and how it affects to the economics of 
greenhouse operation. 

XI. Assign groups of students to report on other energy and conservation devices, con- 
cepts, and techniques related to solar; such information is available from the 
Conservation and Renewable Energy Inquiry and Referral Service, P. 0. Box 
^900, Silver Springs, MD 20907; this organization also has a toll free telephone, 
1-800-523-2929, to answer questions about energy and conservation; special 
reports might include: 

«" 

A. Wmd energy 

B. Photovoltaic energy - w " 
C* Bio-mass energy (w9od and other nonfossil fuels) 

D. Solar ponds 



E. Hydro-electric energy " - 



F. Ocean thermal energy 



XII. Give test. 
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INSTRUCTIONAL MATERIALS 

I. Included in this unit: 
h \ A. Objective sheet 

B. Information sheet 

C. Transparency masters T 

1. TM 1 -Passive Solar Design with Complementary Features" 

s 
\ 

2. TM 2 -Photovoltaic System 

\ 

3. TM 3-Solar Skyspace Angles 

D. Assignment Sheet #1 -Calculate the Shadow Pattern of a Pole 

E. Job sheets 

1. Job Sheet #1 -Orient a Model House and Landscape a Model Lot for 
Maximum Solar Benefit 

2, Job Sheet #2-Build and Operate a Solar Still \ 

F. Test 

G. Answer* to test 
II. References: 

A. Logan, Joe D. Solar Energy: Passive Systems. St. Louis, MO: Milliken 
Publishing Co., 1980. 

B. The American Planning Association. Protecting Solar Access for Residential 
Development: A Guidebook for Planning Officials. Washington, D.C. 20402: 
U.S. Department of Housing and Urban Development and U.S. Department 
of Eniergy, 1979. 

C. Solar Energy Project, General Solar Topics. Washington, D.C. 20402: U.S. 
Departments Energy, 1979. 

D. Solar Energy Project, Earth ScienceA^tiyjti^J^ D.C. 20402: 
U.S. Department of Energy, 1979. 

E. Solar Energy Project, Text. Washington, D.C. 20402: U.S. Department of 
Energy, 1979. 

s 

F. Solar Energy Research Institute. Photdvoltaics Solar Electric Power Systems. 
Washington, D.C. 20402: U.S. Departnrtent of Energy, 1980. 
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS 
UNIT IV 



INFORMATION SHEET 

Terms and definitions 

A. Atrium-A hallway or small court usually used as an entry way 

B. Earth berm-Eartti placed around exterior walls to provide protection from 
extreme temperature changes, heavy winds, and air infiltration; may reach to 
window level, or, in the case of an earth-sheltered structure, it may cover 
three sides and even the roof 

C. Earth contact-Structures that use ground mass temperature to help heat in 
winter and help cool in summer, and usually constructed with a berm that 
abuts but does hot cover the house to leave space for window light and 
ventilation 

D. Entry lock-An entrance-exit area constructed with two doors so arranged 
that when the outside door is opened, the second interior door is plowed to 
prevent the infiltration of outside air into the interior of the structure, and 
the outside door is closed before the interior door is opened to further 
confine infiltration to a minimum 

E. Natural ofientation--The careful attention to site planning that physically 
places a home so it can best take advantage of local geographical, meteoro- 
logical, and ecological patterns 

(NOTE: This usually means south facing windows for maximum winter 
sunshine, and summer cooling with prevailing southwesterly winds, few 
or no windows facing prevailing -winter winds ffom the northeast,' and 
the advantageous use of deciduous trees to the south and west for summer 
shade and winter, sunlight with evergreens north and east to shield against 
winter wind,) 

F. Clerestory window-A vertical window placed in a wall or a roof; it permits a 
^atural light supply to the interior; it is frequently placed above one's line of 
vision 

G. Photovoltaics-The science of producing electrical current and voltage 
from sunlight through a conversion medium of silicon solar cells 

H. Solid-to-void ratio-The relationship of solid materials to open spaces in a 
storage facility; usually expressed in percentages- 
Example: A storage facility with a 30 to 70% solid-to-void ratio means 

that 70% of the storage volume is occupied by solid materials 
and 30% of the storage volume is occupied by open or void 
spaces in which air can be stored or through which air can be 
moved 
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Orientation for natural ventilation J 

A. Prevailing summer breezes can be used to cool a home / 

B. the ideal orientation of the side of the house througfy^which the breezes 
should enter is an oblique angle 20° 4o 70° between the wall and wind 
direction (Figure 1), 

(NOTE: Your local weather bureau can give you the prevailing winds in 
your area, and a local airport has extensive knowledge concerning local 
wind patterns.) 



FIGURE 1 




Courtesy U.S. Department of Energy 

C. Try to retain a south-facing orientation for large window areas 

D. To protect facades from winter winds, locate evergreens, fences, and earth 
berms on the north side of the home 

(NOTE: This orientation may vary to northeast or northwest depending 
* on prevailing winter winds.) 

E. On a south-facing hill, breezes tend to move up the hill during the day and 
down the hill at night 

F. Near a body of water, breezes move from the water to the land during 
the day, and move in a reverse pattern at night ' 

G. Natural ventilation and cooling can be increased by using casement-type 
windows or partially-opened shutters on the windward side of the house 

(NOTE: Casement windows and shutters form projections which create 
mini-pressure zones in front of the window openings, and actually increase 
the velocity of the breeze passing into the openings.) 
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The importance of wall-roof ratios 



A. During the winter months, a large amount of heat loss in a home occurs 
through exterior walls and particularly through and around windows and 
doors in those walls 

B. A rectangular house configuration incjaases i(oof area and decreases wall 
t area; this is advantageous because it is/possibie\p include more insulation in 

the roof than in the walls 



C. 



$o affords 



A rectangular house configuration _ 
exposure to the outside, and^window / Area can be 
major window exposure to the<south 

FIGURE 2 d 



igure 2) 



[ior rooms with less 
feed, yet still provide 




• . "Courtesy U.S. Department of Energy 
Ways jo usealritfiro in passive solar design 

A. - An atrium should be designed so that it is central to the other rooms in the 
- home 

/ 

B. Windows should be-exposed to the inner atrium instead of to the outside 
to obtain a significant reduction in heat loss through windows and walls 
(Figure 3) 

FIGURE 3 




Courtesy U.S. Department of Energy 
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V. 




1 



C. Even if the atrium is unheated, the skylight will warm the atrium to a 
temperature higher than that outside in winter 

D. Double or triple energy savings can be experienced if the atrium is used with 
insulated shutters as a passive solar collector 

E. Heat gam in summer weather can be reduced if proper sun control and 
shading devices are used 

The uses of earth berms in passive solar applications " 

A. Earth-berminy and the introduction of below-grade living spaces requires 
careful attention to waterproofing, foundation drainage, insulation, exits and 
entrances, 3nd humidity control 

B. Earth-berming homes requires special attention to moisture proofing, ro- 
dents, insects, and even tree roots 

C. Earth is usually not a good insulator; its major benefit is its capability to 
moderate temperature change and provide protection from cold winter 
winds 

(NOTE: The insulating properties of earth vary with locale and application, 
so the general rule stated above does have exceptions.) 

D. From four to five feet below grade, earth has a relatively constant tempera- 
ture of 55°F, and a duct with a small fan located in the berm can provide a 
simple passive cooling system 

E. When bedrooms or other living areas are located b^low grade, the amount 
of excavation need not be increased, but the first floor is raised slightly to 
provide a minimum 7'-6" ceiling height; this height will accommodate 2* 
high clerestory windows and make the below grade living areas much more 

liveable (Figure 4) f 




Courtesy U.S. Department of Energy 
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F. When conventional windows are used, say with 3' high sills, earth can be 
bermed to the first floor sills (Figure 5) 

FIGURE 5 




Courtesy U.S. Department of Energyv 

Maximum utilization of passive solW can Jie obtained with an earth berm 
that reaches to the roof eave; ventilation becomes an important concern in 
this design, and attention to ground water pressures and waterproofing are 
especially important (Figure 6) 



FIGURE 6 




Courtesy U.S. Department of Energy 



VI. Entry locks arid their uses in passive solar design 

A. Large amounts of heated or cooled air may escape from a home each time, 
a door is opened directly to the outside; entry locks decrease this heat Joss 
and heat gain 



B, 



An entry lock is designed to provide two doors, only one of which is nor- 
mally open at any moment, separated by a small unheated or uncooled 



air space 



9 
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C. An entry lock may be designed into the ipterior of the house (Figure 7) 
FIGURE 7 



Courtesy U.S. Department of Energy 

D. An entry lock may be designed onto the exterior of the house or added 
to an existing house (Figure 8) 

FIGURE 8 




Courtesy U.S. Department of Energy 
VII. Greenhouses and their uses as entry locks in passive solardesign (Figure 9) 

A. 4 An entry lock' designed as a greenhouse takes advantage of radiation through 

large glass areas . to keep temperatures at reasonable levels, even without 
supplementary heating, in winter 

B. By adding plants and other insulating and shading devices, an entry lock 
greenhouse can moderate heat gain in summer 

C v * An entry lock greenhouse increases the thermal resistance of the outside 
envelope of a house by 

1. Increasing the outside temperature of the main exterior wall in cold 
weather and decreasing it in warm weather 

2. Reducing infiltration losses around doors and windows 

ion 
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D. When so designed, an entry lock greenhouse can be utilized year round 
for growing vegetables and other plants 




Courtesy U.S. Department of Energy 



VIII. Window shutters and their use in passive solar design (Figure 10) 

A. Shutters must have genuine insulating value; the best shutter is one with a 
wood face and an insulating core 
FIGURE 10 




Courtesy U.S. Department of Energy 
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B. Shutters should be opened in relation to sun movement (Figure 1 1 ) 
FIGURE 11 



Location of Shutters 


Winter Opening Time 


Summer Opening Time 


East wall 


8 a.m.'l 1 a.m. 


1 p.m. -4 p.m. 


South wall 


8 a.m. -4 p.m. 


7-9 a.m.; 3-5 p.m. 


West wall 


1 p.m. -4 p.m. 


8 a.nrvl 1 a.m. 


North wall 


Any 3 daylight hours 


8 a.m.-7 p.m. 



Passive design features that function to complement each other (Transparency 1) 

A. One-story rectangular configuration 

B. Minimum perimeter distance 

C. Window shutters 

D. Atrium and entry locks 

E. Earth berming 

F. Maximum insulation in roof and walls 

G. Weatherstripping and storm windows 

(NOTE: These features have been tested in a test situation in New York 
state and, in combination, have reduced heat loss by more than 30%, re- 
duced heat gain by more than 20%, and reduced hot water costs by more 
than 35%.) c 
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Other passive solar concepts and their characteristics 

A. Solar window shut&r-This hinged shutter can be inclined to the appropriate 
radiation angle; it retains solar radiation and has operable vents to facilitate 
heat transfer into the room when the shutter is closed (Figure 12) 
FIGURE 12 



J 




Courtesy U.S. Department of Energy 



B. Solar window unit-This collector incorporates collection, storage, and direct 
venting into the room; would probably have to be used in a southeast room 
(Figure 13) 

FIGURE 13 




Courtesy U.S. Department of Energy 
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C. Solar collectors on earth berms-The berm angle should be the same as 
the average solar radiation angle for the locale; unit is self-contained and heat 
is transferred into the home by convection and by manually-operated vents 
(Figure 14) 

FIGURE 14 
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COOL AIR RETURN DUCT 



Courtesy U.-S. Department of Energy 
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D. Thrombe, wall--A thick wall, usually of concrete or brick, that functions 
as a natural collector and storage area combined and takes advantage of the 
convection tendencies of heated air to circulate warmed air through a space 
(Figure 15) 



FIGURE 15 
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The process for makmg photovoltaic solar cells 

A. Silicon crystals obtained from sand, go through^an extensive purification 
process 

B. Silicon crystals are grown in cylindrical ingots from purified molten silicon 
(Figure 16) 

FIGURE 16 ' 



MOLTEN 
SILICON 




Courtesy Solar Energy Research Institute 

C. The cylindrical ingots are then sliced into wafers (Figure 17) 
FIGURE 17 



^-WAFERS 




SLURRY WITH 
CUTTING COMPOUND 
INGOT 

SUPPORT (WAX) 



Courtesy Solar Energy Research Institute 

D. The wafers are then connected and formed into easy to handle modules 
(Figure 18) , 

FIGURE 18 



Courtesy Solar Energy Research Institute 



174 



INFORMATION SHEET 

XII., How a photovoltaic solaPcell works 

A. When sunlight strikes the solar cell,, internal electrons are energized and 
electricity is generated 

B. Useful electricity is drawn off through wires attached to the cell 

XIII. Components of a photovoltaic system and their functions (Transparency 2) 

A. Solar cells -Supply a fixed current through interconnections between mod- 
ules or arrays of modules ^ 

B. Storage batteries -Act as buffers between the solar cell array and the load, 
the device using electricity; supplies power to the load during periods of 
insufficient sunlight and recharged during periods of high sunlight 

C. Blocking diode -That part of the power conditioning equipment which 
prevents battery current frcyi draining back into the a^ay at night when the 
system is not producing power 

D. Voltage regulator -That part of the power conditioning equipment which 
prevents the batteries from overcharging, a condition which shortens battery 
life 

* E. Inverters -That part of the power conditioning equipment which changes 
the direct current produced by the photovoltaic array into alternating 
current * 

F. Storage/backup system -An arrangement in a larger photovoltaic application 
whereby .a local utility purchases excess electricity produced by the system 
during, sunny days, and supplies the user with electricity during cloudy days 
or at night when the system require^jnore electricity than it can produce 

XIV. 0 Terms concerning solar access ahd their definitions 

A. Solar skyspace-That portion of the sky a collector must "see" to perform 
\effectively 

' ; - r 

B. Solar time-Time expressed in relation to the position of the sun in the sky 

f\ 

C. Stflar noon-The time at which the sun is at its highest point in the sky 

(NOTf : Local time is often different from solar time; jn other words, 
at solar noon the sun is at its highest point, but this time might not corre- 
spond with noon local time.) 

D. - Winter solstice -December 21; the time when the sunisat its lowest altitude 

in the sky and shadows are the longest •* 

* 

E. Summer solstice -Usually June 21, the time when the sun is at its highest 
altitude in the sky and shadows are the shortest 

1' " " 

iu'J 
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XV. Solar azimuth and its use in solar access planning 

A. Solar azimuth is measured from true south, with a negative value to the east 
and positive value to the west 

(NOTE: Do not confuse solar azimuth with true or magnetic north which 
is what azimuth means when used in a navigational sense.) 

B. Since solar access planning involves protecting solar collectors from obstruc- 
tions lying to the south of the collectors, the concept of a true south solar 
azimuth makes it easier to determine skyspace and analyze shading and the 
casting of shadows (Figure 19) 

Example: At 40 degrees north latitude on December 21, the altitude of 
p the >sun at punrise is a large negative i*ne, 59 degrees to 

the east of south, or a conventional azimuth of -121 degrees; 
the azimuth increases until it reaches the same positive 
azimuth as its negative rising azimuth, +59 degrees west of 
south, or a conventional azimuth of 239 degrees; in summer, 
the solar azimuth increases to a -121° at summer sunrise and 
a +121* at summer sunset 



FIGURE 19 
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XVI. Skyspace and its use in solar access planning 

A. The angles of solar altitude and solar azimuth define skyspace, and it is 
skyspace that must be protected from shading by tr§es, buildings, or other 
obstructions 

B. The altitude of the sun on December 21 and June 21 determines the upper 
and lower boundaries orf needed skyspace 

» 

C. 45 degree solar skyspace azimuths are suitable for latitudes up to 40 degrees 
north (Figure 20) . - 

FIGURE 20 

Solar Skyspace (Plan View) 




DUE SOUTH 
BEARING 



Courtesy U.S. Department of Ener^/ 

D. At latitudes beyond 40 degrees north, solar skyspace^azimuths should 
be 50 degrees for both a.m. and p.m. angles (Transparency 3) 

XVII. Rules of thumb for planning solar access 

A. In most cases, it is ther lowest altitude of the sun reached on December 
, 21 that is most important for protecting solar access 

B. On December 21, shadows are the longest, and it is usually safe to assume 
^ that if longer shadows do not shade a collector, then shorter shadows will 

not shade it, either 

C. It is not necessary that solar collectors be guaranteed access to the sun from 
sunrise to sunset because solar altitudes below 12 degrees are essentially 
useless for solar energy collection purposes 

D. It is almost impossible to maintain complete open space from horizon 
to horizon around a solar collector 
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E. The solar skyspace that must be protected is also dependent on the nature of 
the solar energy system being u£ed, and the time of day and season of the 
year in which it is to be used (Figure 21 ) 

FIGURE 21 



Skyspace and Solar Energy Use Table 


Use 


Skyspace 


Hot Water Heating 


Year-round — use lowest winter 
and highest summer altitude to 
determine skyspace 


Space Heating 


Heating season only— use lowest 
winter and medium sprmg/fall 
altitude to determine skyspace 


Air Conditioning 


Cooling season only— use medium 
spring/fall and highest summer 
altitude to determine skyspace 



rCourtesy U.S. Department of Energy 



Basic levels of solar access and their requirements (Figure 22) 

A. Rooftop protection- Protects the sunlight falling on south-facing rooftops of 
new dwellings and apartments constructed in a community 

B. South wall protection-Protects south walls of new construction 

C. South lot protection -Protects part of a lot a^ljalpent to a south-facing wall 

' - ' \ *\ 
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D. Detached collector protection-Protects part of a lot for use by ^etached 
solar systems 

FIGURE 22 





Courtesy U.S. Department of Energy 
XIX. Shadow patterns and their significance 

m 

A. A shadow pattern is the composite shape of a shadow cast by an object 
over fixed solar azimuths 

B. A shadow pattern represents every spot shaded by an object during an 
* entire time period, although only a small portion of shadow pattern will be 

shaded at any given time f 

C. Winter shadow patterns are mdst valuable because they represent the worst- 
possible-case, and when solar access is protected in winter, it is usually 
protected in summer 

D. Shadow pattern data, whether collected by aerial photographs or taken in a 
car with a "windshield survey," should be taken at least three times; morn- 
ing, nbon, and afternoon on December 21 

E. Shadow patterns may be calculated by formula or by using shadow length 
tables 

« 

(NOTE: A sample procedure for calculating shadow patterns follows in 
Assignment Sheet #1.) 

Tree characteristics that must be considered in solar access pJanningf^ 

A. Mature height of trees of a species 

B. Mature diameter of the tree crown 



XX. 



Seasonal variations in foliage, taking itao account the distinction between 
deciduous species, most of which shed le,aves~in autumn, and evergreen or 
conifers which mostly do not shed leaves 



/ 
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D. The distance from the ground to the crown (Figure 23) 
FIGURE 23 




Courtesy U.S. Department of Energy* 

XXI. Topography and its relation to solar skyspace 

A. Changes in topography do not change solar skyspace, but it can change 
the distance between the ground and the lower edge of the skyspace 

B. A south slope automatically aims its collector higher, so neighboring objects 
can be higher without casting shadows on it 

C. A collector on a north slope will be aimed toward the crest of a hill, so even 
very short objects may cast shadows on the collector (Figure 24) 

FIGURE 24 




FLAT LAND § 
DIST ANCE A IS GREATER THAN B. AND B IS GREATER THAN C. 



Courtesy U.S. Department of Energy- 
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Regulations and codes affecting solar applications 

A. Solar access laws -Laws passed by state or local governments; these laws 
restrict the building of structures that would block neighboring sites from 
access to the rays of sunlight 

* 

B. Solar easements- State or local laws which set specific space requirements for 
solar access in much the same manner that easements are set aside for 
utilities 

« 

(NOTE: A model ordinance for solar access laws and solaj easements is 
available from HUD User, P. 0. Box 280, Germantown, MD 20767.) 

C. State and local building codes-Codes setting up standards for plumbing, 
electrical, mechanical, add general structural component quality of structural 
materials; some codes have been modified to expressly treat solar applica- 
tions and others have not; it is always best to check local codes, in particular, 
before starting a solar application 

0. Guidelines for solar collector installation on roofs-Since solar systems 
require maintenance, considerations must be given to the placement of 
collectors; rooftop traffic pads have to be installed so maintenance personnel 
can walk around the collectors, collectors must be a safe distance from the 
edge of the roof, and installation procedures should respect the integrity of 
the roof 

\ . 

(NOTE: These guidelines were prepared by the National Bureau of Standards 
and are available from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C., 20402.) 
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Perspective 

Courtesy U.S. Department of Energy 
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Solar Skyspace Angles 

Solar Skyspace (Plan View) Solar Skyspace (Isometric View) 
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Recommended Skyspace Angles for December 21st 



Latitude 


AM/PM Position* 
Azimuth Altitude 


Noon Altitude 


Percent 
Radiation*** 


25* 


45* 


25* 


42* 


76% 


30* 


45° 


20* 


37° 


80% 


35* 


45* 


16° 


32* 


85% 


40* 


45* 


^r 


27° 


' 90% 


45 ... 


(50*) 


(12*) 


22* 


88% 


4r .. 


(5<T) 


* (12*) 


/ 18* 


87% 



The AM/PM angles presented in this chart are the same for both east of south and west of south' For 
example, if the skyspace azimuth is SO*, then the protected area goes from 50° east of south to 50* west 
of south, 

•The 50* azimuths are not based on December 21st, but are suggested as a compromise to assure solar 
access during the entire heating season exclusive of the winter solstice period Similarly, the 12 degree 
attitudes apply only to those months when the sun's path is 12 degrees above the horizon within the 50 
degree azimuth angles. 

. /"Radiation is based on the percentage of total available radiation falling on a horizontal surface on 
December 21. Example: If the skyspace between 45* east of south and 45° west of south is protected at 
30* latitude, then 80% of Jhe available radiation will strike the collector If the collector is tilted, then 
• these percentages may be even higher. 

Courtesy U.S. Department of Energy 
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS 
UNIT IV 



ASSIGNMENT SHEET #1-CALCULATE THE SHADOW PATTERN OF A POLE 



Directions: Use the shadow length table .and the procedure in the following example to 
calculate and diagram shadow patterns of a pole. . 

DATA: Pole is 30 feet high, location is 40° north latitude, and the pole is on land that 
slopes to the southeast at a 10% grade; all data is for December 21 



Shadow Length Table for 40° North Latitude 

1 — 

LATITUDE 40° t 







N 






. NE 






E 






SE 






S 




SLOPE 


AM 


NOON 


PM 


AM 


NOON 


PM 


AM 


NOON 


PM 


AM 


NOON 


PM 


AM 


NOON 


PM 


0% 


4.8 


2.0 


4.8 


4.8 


2.0 


4.8 


4.8 


2.0 


4.8 


4.8 


2.0 


4.8 


4.8 


2.0 


4.8 


5% 


5.7 


2.2 


5.7 


4.8 


2.2 


6.2 


4.1 


fcO 


5.7 


3.8 


1.9 


4.8 


4.1 


.1* 


4.1 


10% 1 


7.2 


2.5 


7.2 


4.8 


2.3 


9.1 


3.6 


2.0 


7.2 


3.2 


1.8 


4.8 


3.6 


1.7 


3.6 


15% 


9.6 


2.9 


9.6 


4.8 


2.6 


16.6 


3.2 


' 2.0 


9.1 


2.8 


1.7 


4,8 


3.2 


* 1.6 


3.2 


20% 


14.5 


S.4 


14.5 


•4.8 


2.8 


97.5 


2.8 


2.0 


14.5 


2.4 


1.6 


4.8 


2.8 


1.5 


2.8 



STEP \: From the above table, find the shadow length values for a.m., noon, and p.m. 

STEP 2: Read the intersection of the columns labeled "SE" and ,, 10% ,, as indicated on the 
shadow length table » 

STEP 3: Multiply all values by, in this case, 30, because the values given in the table are for 
a one-foot pole 



a.m. value 


x pole height 


= a.m. shadow length 


3.2 


30 


96 feet 


noon value 


x pole height 


= noon length 


1.8 


30 


54 feet 


p.m. value 


x pole height 


= p.m.' length 


4.8 


30 


144 feet 




ASSIGNMENT SHEET #1 



STEP 4: Scale the shadow lengths out on paper as viewed from overhead and connect the 
end points as shown in Figure 1 

^ * FIGURE 1 Shadow of pole on Dec 21 at 40° Latitude 

, on a 10% S.E Slope ' . 




• • • 

45? boupda/ies of skyspace are used to define area 
of shadow thai will block important sunlight. 

Courtesy U.S. Department of Energy 

STEP 5: Your instructor will provide you with the height of three poles in the vicinity of 
your classroom, and may assign actual^onmagined grades to the land they*re on; 
assume r latitude ©f 40* porth, calculate the a.m., noon, and p.m. shadow lengths 
as shown in STEP 3, and scqjp thejshacjpw patterns to form diagrams as shown in 

Step 4 



(NOTE: Use graph paper the same size as that used by other students so that 
1 your scale diagrams can be compared with those of other students when the 
activity is completed.) 1 



PASSIVE SOLAR AND OTHER SOLAR CONCEPTS 
UNIT IV 



JOB SHEET #1-ORIENT A MODEL HOUSE AND LANDSCAPE 
A MODEL LOT FOR MAXIMUM SOLAR BENEFIT 



Tools and materials^ 
' A., Scissors 

B. Tapie 

C. Straightedge 

D. Worksheets^* B, and C 

E. Lamp for light source 
Procedure 

A. Cut and fold the model hojLse in Worksheet A # and assemble it without 
taping 

B. Place the folded modet*house on the model plot plan in Worksheet B 

C. Determine the best location for robm, window, and door placements 

D. ^ UaJpW the mocjlel houta^rtd draw in the windov^ and doors 

E. Refold the model house and taps it together 

F. Tape the roof in place 



v 

Place the taped model house on the plot plag 

* *H. Cut out the model trees and shrubs in Worksheet C and fold the bases 

I. Tape toothpicks to the back of tree modals^b give them adcled strength 

J. - Use as many tree models as you feel £re necessary for the site, and tape all 
additional models into place as ihey shoulp be in summer weather / 

(NOTE: Remember that most deciduous trees lose^their leaves in autumn.) 

K. Set the light source from the lamp at the approximate angles the sun would 
. have in sumrtter . > , 

|L. Check the effectiveness of summer shading on your model 

lA. Remove the deciduous summer trees and. replace them with deciduous 
Winter tree models ' ^ ■ — , 

-\ 1 ■ 1 
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• JOB SHEET #1 

N. Set the light source from the lamp at the approximate angles the sun woufd 
have in winter 

0. Check the effectiveness of^vailable sunlight for your winter model 
P. Answer the following questions: 

1. How does youf model house compare to those of other students in 
placement of windows and doors^ 

V 

i ; ; 

(• : 1 : 

2. In which direction should the largest roof overhang face to take advan- 
tageof winter sun while avoiding summer sun? , 

3. If an earth berm were recommended for your model house, -where 
would you place it? # 

•» * 

4. If your model lot were on a south-facing hill, woald that, affect the 
orientation you selected? 



5. Explain your answer to question 4? 

0 



> 6. If your model home site had a lake one-quarter mile due west /r would 
that affect the orientation you selected? 



7. Explain your answer to question 6. 



8. What kiqd of windows and window arrangements would you recom- 
mend for your model home? 
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JOB SHEET #1 
WORKSHEET B 



KEY 



0 0 9 Fence (Indicate Height) 
Driveway^ 



Sidewalk 
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JOB SHEET #1 



WORKSHEET C 






EVERGREEN 
(FOLD UNDER) 




SMAU DfCIDUOUS 
WINTC* 
If OLD UNDEDI 





ERJC 



LARGE DECIDUOUS 
-SUMA/ijER- 

(FOLD UNDER) 



VJ4 




LARGE DECIDUOUS 
-WINTER,- 

(FOLD UNDER) 



PASSIVE SOLAR AND OTHER SOLAR CONCEPTS 
UNIT IV 

JOB SHEET #2--BUILD AND OPERATE A SOLAR STILL 

< * 

Tools and materials ♦ 
A. Strong, flexible, transparent plastic sheet at least 1m (39-inehes) square 
(NOTE: Plastic storm window covering wijl do.) 
* B. vera I fist-si zeVocks , « 

C. Shovpl 

D. Two thermometers 

E. Wristwatch or stopwatch 

F. Piece of cardboard large enough to cover half a thermometer 

G. Graph paper fti 

n 

H. Collecting vessel qrjpduated cylinder 

I. % Cobalt chloride fjtjfy paper (optional) 
J. Protractor 

ProdfJure , 

A. Dig a hole about &0cm (32") in diameter and 30cm (12") deep, and place 
the soil to one side \ 

\ ' 

\ 



JOB SHEET #2 

B. Qepter the graduated cylinder or coJIecting vessel in the bottom of the hole 
(EigureD 



FIGURE 1 



CARDBOARD - COVERED 
BULB THERMOMETER 



THERMOMETER SHOULD 
BE COVERED 
BY SHEETING 




LEAR PLASTlCSHEET 



rocks; . 



0 o ^soilL 



Courtesy- U.S. Department of Energy 



C Place the plastic sheet over the hole and firmly anchor one edge with small 
rocks 

D. Place one small rock in the, center of &e plastic sheet directly over the 
collecting vessel, while allowing the plastic sheet to stretch^to at least a 34° 
angle from the horizon 



(NOTE: Have another student help with this step; one fhould manage the 
weighted plastic sheet while the other uses the prqtractor to properly attain 
the right angle.) / * 

E. Seal the other edge of the plastic s^eet with soil and small rocks 

F. Insert. one thermometer under the plastic sheet with the bulb extending 
into the air chambfrbeneath the plastic sheet k* 

(NOTE: Be sure to position the thermometer so the scale can be read.) 

G. Place the other thermometer at the other edge of the sheet, cover the half of 
the .^thermometer with the bulb on it with cardboard, and position the 
thermometer so the scale can be read 



H. Simultaneously record the, temperatures of both the inside and the outside 
thermometers at two-minute intervals 



/ 
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JOB SHEET #2 
fenter your readings in the following data table: 



Reading # 


Inside Thermometer 


Outside Thermometer 


1 


, * i 




2 






3 






4 




• 


5 




I 
\ 


6 






7 


* 




8 


t 


i 


9 




9 


10 







J. Remove the plastic sheet after 20 minutes have passed " . 
K. Retrieve the collecting vessel \ 

L. Pour the contents of the collecting vessel into a graduated cylinder and 
record the amount of liquid collected in milliliters (ml) 

M. Check the liquid collected to determine its identity 

(NOTE: Cobalt chloride paper may boused for this test, but chances are you 
• can identify the liquid with no great difficulty.) 

N. Fill in the hole and return' the shovel and other equipment to a proper 
storage area * 

0. Answer the following questions: ** /• 

* < . i 

1. Where did the water come frofa? * # , 



2. Why did theater collect on the underside of the plastic sheet? 




3. Why did the water drip into. the collecting vessel? 




IH7 
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JOB SHEET #2 



How did solar energy cause the strll to operate?_ 



5\ If you were stranded in the desert wfth no water, and had the proper 
equipment in your survival gear, what would you do? 



/hat do the readings in your data table reflect concerning the opera- 
tion of a solar still? 



PASSIVE SOLAR AND OTHER SOLAR CONCEPTS 
UNIT IV 



NAME 



TEST 



Match the terms on the right with their correct definitions. 



a. A hallway or small court usually used as an 
entry way 



_b. Earth placed around exterior walls to provide 
protection from extreme temperature changes, 
heavy winds, and air infiltration; may reach to 
window level, or, in the case of an earth- 
sheltered structure, it may cover three \sides 
and even the roof • • + 

c. Structures that use ground mass temperature 
to help heat in winter and help cool in sum- 
mer, and usually constructed with a berm that 
abuts but does not cover the house to leave 
ce for window light and ventilation 

An entrance-exit area constructed "with 
two doors so, arranged tbat wheir the outside" 
door is opened, the second interior door is 
closed to prevent the infiltration Qf outside 
air into the interior of the structure, and 
the outside dpor is closed before the interior 
door is opened to further confine infiltration 
^a minimum- 

_e. The careful attention to site planning that 
physically places a home so it can best take 
. advantage of local geographical, meteorolog- 
ical, and ecological patterns 

_f. A vertical window placed in a wall or a roof; 
it permits a natural light supply to the interior; 
it is frequently placed above one's line of 
vision 



1. Entry lock 

2. Atrium 

3. Photovoltaics 

4. Natural . 
Orientation 

5. Earth berm 

6. Clerestory 
window 

7. Earth contact 

8. Solid-to-vpid 
ra\\o 



jj. The science of producing electrical current 
and voltage from sunlight through a conver- 
sion medium of silicon solar cells 

_h. The relationship of solid materials to open 
spaces in a storage facility; usually expressed 
in percentages 



. \ 
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Select true statements concerning orientation for natural ventilation'by placing an "X" 
in the appropriate blanks. _ j 

a. Prevailing summer breezes can beused to cool a home 

b. "The ideal orientation of the side of the house through which the breezes 

should enter is a right angle 20* to 90* between the wall and wind direction 

c. Try to retain a north facing orientation -for large window areas 

J- d. To protect facades from winter winds, locate evergreens, fences, and earth 

6erms on the north side of the home J 

e. On a south-facing hill, breezes tend to move up the hill during the day and 

down the hill at night 

^ f. Near a body of water, breezes move from the land to the water during 

the day, and move in a reverse pajttern Q night 

• g. Natural ventilation and cooling can be increased by using casement-type 

windows or partially-opened shutters on the windward side of the house 

Solve the following problem concerning the importance of wall-roof ratios: A rectan- 
gular house configuration increases roof area and decreases wall area; it also provides 
interior rooms with less exposure to the outside; what are the advantages^offered by 
these two conditions? 



Complete, the following list of statementvconcerning ways to u$e atriums in passive 
solar design. 

a. An atrium should be designed so that it is ' to thfe^other 

rooms in the home 

b. should be exposed to the inner atrium instead of to the. 

outside to obtain a significant reduction in heat loss through windows and walls 



c. Even if the atrium is unheated, the j will warm the atrium 

to a temperature higher than that outside in winter 



_^wil 



d. Double or triple energy savings can be experienced if the atrium is used with 
^ as a passive solar collector i 

e. ; [ in summer weather can be reduced if proper sun control 

and shading devices are used 1 



Circle the words which best complete the following statements concerning the usesQf 
earth berms in passive solar applications. 

i 

a. Earth'berming and the introduction of below grade living spaces requires careful 
attention to waterproofing, foundation drainage, insulation, exits and entrances, 
and (temperature humidity) 

b. Earth berming homes requires special attention to moisture proofing, rodents,, 
insects, and even (temperature change, tree roots) 

c. Earth is usually not a good insulator; its major benefit is its capability to moder- 
ate temperature change and provide protection from (tomatoes, cold winter 
winds) 

d. From four to five feet below grade, earth has a relatively constant temperature of 
(65°F, 55 F), and a duct with a small fan located in the berm can provide a 
simple passive cooling system 

e. When bedrooms or other living areas are located (above, below) grade, the 
amount of excavation need not be increased^, but the first floor is raised slightly to 
provide a minimum 7'-6" ceiling height; this-height will accommodate 2' high 
clerestory windows and make the below grade living areas much more liveable 

f. When (conventional, clerestory) windows are used, say with 3 ! high sills, earth 
can bebermed to the first floor sills 

g. Maximum utilization of passive solar can be obtained with an earth berm that 
reaches to the roof eave; (light, ventilation) becomes an important concern in this 

^design, andattention to ground water pressures and waterproofing are especially 
important 

Complete the following list of statements concerning entry locks and their uses in 
passive solar design. 

a. Large amounts of heated Or cooled air may escape from a home each time a door 
is opened directly to the outside; entry locks decrease his heat loss and 



b. An entry lock is designed to provide two doors, only one of which is normally , 
open at any moment,?separated by a small unheated or uncooled 



c. An entry lock may be designed into the interior of the house 

d. ft An entry lock may be designed onto the enterior of the house or 



Select true statements concerning greenhouses and their uses as entry locks in passive 
solar design by placing an "X" in the appropriate blanks. 

a- An entry lock designed as a greenhouse takes advantage of radiation through 

large glass areas to keep temperatures at higher than average levels, even 
* . without supplementary heating, in winter 

b. By adding plants *nd other insulating and shading devices, an entry lock 

greenhouse can moderate Ijeat gain in summer 
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c - An entr y lock greenhouse increases the thermal resistance of the inside 

envelope of a house by 

t 

1. Increasing the outside temperature of the .main exterior wall in cold 
weather and decreasing it in warm weather 

2. Reducing infiltration losses around doors and windows 

d - When so designed, an entry lock greenhouse can be Utilized in the summer 

for growing vegetables and other plants % 

8. Solve the' following problem concerning window shutters and their use in passive 
solar design: Window shutters are decorative, but they must have another genuine 
value; what is that value and what type of shutter would best fulfill that value?. 

: — ^ , j 



9. List six passive solar design features that function to complement each other. 

a. * 

b. • 



d. 
e. 
f. 



ERJC 



1Q. Match other passive solar concepts on the right with their characteristics. 



e _a. This can be inclined to the appropriate 
radiation angle; it retains solar radiation and 
has operable vents to facilitate heat transfer 
, v into the room when the shutter is closed 

b. This collector incorporates collection, storage, 
and direct venting into the room; would 
probably have to be used in a southeast room 

C The berm angle should be the same as the 
average solar radiation angle for the locale; 
unit is self-contained and heat is transferred 
into the home by convection and by manually- 
operated vent s 



Usually .erf concrete^STijfkk, it functions 
as a natural collector and storage area com- 
bined and takes advantacA^pf the convection 
tendencies of heafec! air ^circulate warmed 
air through a space 



1. Solar window 
shutter » 

2. Thromfce wall 

% Solar 

collectors on 
earth berms 

4. Solar window 
unit 



<rs-2o: 
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1 T. Arrange in order the process for making photovoltaic solar cells by placing the correct / • 
sequence number in the appropriate blanks. 

a. The cylindrical ingots are then sliced into wafers 

/ 

b - Silicon crystals are grown in cylindrical ingots from purified molten silicor* 



_c. Silicon crystals obtained from sand go .through an extensive pyrificatidrt 
* process 7 

_d. The wafers" are then connected and formed into easy to handle modi^lfcs 



1 2. State how a photovoltaic solar cell works. 



a. 



b. 



13. ' Match 



the componepts of a photovoltaic system on the right with their functions. 




x 




a. Supply^ fix^J current through interconnec- 
tions between modules oparrays of modules 

b. Act as buffers between :he solar cell array 
and the load, the devicf using electricity; 
supplies power to the load during period* of 
insufficient sunlight and recharged during 
periods of high sunlight 

That part of the power conditioning equip- 
ment which prevents , battery current from 
draining back into the array at night when the 
system is not producing power 

_d. That part of / the power conditioning equip- 
ment which prevents the Batteries from 
overcharging, a Condition which shortens 
^ jittery life 

T^at part of th&power conditioning equip- 
ment which changes the direct current pro- 
duced by the pbotbvok^tc^ray into altej; 
natingfcurrerit 

An "^ftangement in a larger photovoltaic 
application whereby a local utility purchases 
excess electricity produced by the system 
during sunny days, and supplies the user with 
electricity during cloudy days or at night 
when the system requires more electricity 
than it can produce 



e. 



1. Inverters 

* 

2. Blocking diode 

3. Solar cells 

4. Voltage regulator 

5. Storage/backup 
system * 

;age batteries 
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14, Match the terms concerning solar access on the right \^h their correct definitions. 



a. That portion of^the sky a collector must 1, Solar noon 
"see" to perform effectively 



Time expressed [n relation to the positi^jp of 



2. Summer solstice 
the sun in the sky ^ 3- Solar skyspace 

c. Thte time at which the sun is^et its highest 4 - So1ar t,me 

in the sky ( 5. Winter solstice . 

d. December 21; the time 7 «vhen the sun is 

at its lowest altitude in the sky and shacjows ^/*~ 
, are the longest 

e. Usually June 21; the time when the sun 

is at its highest altitude in the sky and shad- 
ows are the shortest t \ 1 • W 

15. Complete the following list of statements concerning solar azimuth and its use in solar 
access planning. 

a. Solar azimuth is measured ^ , with a negative value 

to the east and positive value to the west ~~ 

* b. Since solar access planning involves protecting solar collectors from obstructions 
lying to the soyth oMhe colfectors, the concept of a true south solar azimuth 

makes it easier to ^ 

and the casting of shadows ~ \ \ T 

*16. Select tru? statements concerning, skyspace arid its use in solar access planning by 
plabing an "X" in the appropriate blanks. ... 

a. The angles of solar altitude and solar azimuth define skyspace, and it is 

skyspace that must be. protected from shading by trees, buildings, or other 
obstructions 

J b./The altitude of the sun on December 31 and June*31 determines the upper 

and lower boundaries of needed skyspace r 

c . 45 degree sblar skyspace azimuths are suitable for latitudes up to 40 degrees 
north * » 

d. At latitudes under 40^ degrees north, solar skyspace azimuths should be 

50 degrees.for both a.m* and p.m. angles (Transparency 3) 

4 U^fl7. Circle the words which best complete statements concerning rules of thumb for plan- 
ning solar access. n 

a. 'In most cases, it is the (lowest, highest) altitude of the sun reiJhblb on December 
21 that is most important for protecting solar access 

b> On December (21, 31) shadows are the longest, and it is usually safe to assume 
•> that if longer shadows do not shade a collector, then shorter shadows will not 

shaded either s % m 



r 



c. It is not necessary that solar collectors be guaranteed access to the sun from 
sunrise to sunset because solar altitudes below (12, 22) degrees are essentially 
useless for solar energy collection purposes 

d. *lt is almost impossible to maintain complete open space frorp horizon to horizon 
( around (a solar collector, solar skyspace) 

e. The solar skyspace that must be protected is also dependent^ the nature of the 
solar energy system being used, and the time of day and (month, season) of the 

' year in which it is to be used 

8. Match the basic levels of solar access on^the right with their correct requirements. 

a- Protects the sunlight falling on southing 1 South lot 

rooftops of new dwellings and apattmqits * protection 

constructed in a community 

2. Detaphed 

b. Protects south walls of new construction collector 

protection * 

, c. Protects part of a lot adjacent to a south- 
facing wall 3 - Rooftop 

protection 

d. Protects part of a lot for use by detached 4. South wal 



solar systems protection 

19. Select true statements concerning shadow patterns and their significance-by placing an 
'X" in the appropriate blanks. 

a- A shadow pattern is the composite shape of a shadow cast by an object over 

fixed solar azimuths 

b - A sbadow pattern represents every spot shaded by an object during an 

entire tihie period, although only a small portion of shadow pattern will be 
shaded a^any given time 

c - Summer shadow patterns are most valuable because they represent the 

worst-possible-case, and when solar access is protected in summer, it is 
• usually protected in winter 

d - Shadow pattern data, whether collected by aerial photographs or taken in.$ 

car with a "windshield survey/' should be taken at least two times; morning 
ahd afternoon on December 21 

e - Shadow patterns may be calculated only by using shadow length tables 



. List three tree characteristics that must be considered in solar access planning. 

■ - ~ 

a. 
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21. Solve the fojlowing problem concerning topography and its relation to solar §kyspace: 
A solar application dictates that the collector vyi 1 1 be on a north slope aimed at the 
\ crest of a hill; what shading and shadowing problems should be carefully considered? 



22/ £omplete the following list of statements concerning regulations and codes affecting 
solar applications. • 

a. Solar access laws- Laws passed by state or local governments; these laws restrict 
the building of structures that would block neighboring sites from access to 



^ ■ — 

Solar easements-State or local laws which set specific space requirements for solar 
access in much -the same manner that easements are set aside for 



c. State and local building codes-Codes setting up standards for 



* r and general structural component 

quality of structural materials; some codes have been modified^pexpressly treat 
solar applications and others have not; it is always best to checl ^r p *! co des, in 
particular, before starting a solar application 

d. Guidelines for solar collector installation on roofs-Since solar systems require 
maintenance, considerations must be given to the placement of collectors; rooftop 

<j have to be installed so maintenance personnel can 

walk around the collectors, collectors must be a safe distance from the edge of the 

9 roof, and installation procedures should respect the integrity of the roof 

23. Calculate the shadow pattern of a pole. 

24. Demonstrate the ability to: ' 

a. Orient a model house and landscape a model lot for maximum solar benefit. 

b. Build and operate a solar still. , T 

(NOTE: If these activities have not been accomplished prior to the test, ask your 
instructor when they should be completed.) « 
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passive Solar and other solar concepts 

UNIT IV 



ANSWERS TO TEST 



1. a. 
B. 



2 
5 

c. 7 

d. r 



e. 4 

f. 6 

g. 3 

h. 8 



2. a,d,e, g 



3. It is impossible to include more insulation in the roof than in the walls, and window 
area can be reduced, yet still provide major window exposure to the south 



4. 


a. 


Central 


d. 


Insulated shutters 




b. 


Windows 


e. 


Heat gain 




c. 


Skylight 






5. 


a. 


Humidity 


e. 


Below 




b. 


Tree roots 


f. 


Conventional 




c. 


Cold winter winds 


9- 


Ventilation 




d. 


55 # F 






6. 


a. 


Heat gain 








b. 


Air space 






d. 


Added to an existing house 



7. b 



8. Window shutters must have a genuine insulating value, and a shutter with a wood face 
and an insulating core would best fulfill that value 



9. Any six of jthe following: 





a. 


One-story rectangular configuration 




b. 


Minimum perimeter distance 




c. 


Window shutters 




d. 


Atrium arid entry locks , 




e. 


Earth berming 




f. 


Maximum insulation in roof and walls 




g- 


Weatherstripping and storm windows 


10. 


a. 


.1 




b. 


4 




c. 


3 




d. 


2 


.11. 


, a " 






b. 


2 




c. 


1 




d. 


4 




12. a. When sunlight strikes the solar cell, internal electrons are energized and electricity 
is generated 

b. Useful electricity is drawn off through wires attached to the cell 



13. a. 3 d. 4 

b. 6 e. 1 

c. 2 f. 5 

14. a. ' 3 d. 5 

b. 4 e. 2 

c. 1 

15. a. From true south y 
b. Determine skyspace>and analyze shading 

16. a? c 

17. a. Lowest d. A solar collector 

b. 21 ' e. Season 

c. 12 

18. a. 3 ' - 
b. 4 

c 1 

, d. 2 

19. a,b 

i 

20. Any three of the following:" 

a. Mature height of trees of 9 species 

b. Mature diameter of the tree crown 

c. Seasonal variations in foliage, taking into account the distinction between decidu- 
- ous species, most of which shed leaves in autumn, and evergreen or conifers which 

mostly do not shed leaves 

d. The distance from the ground to the crown 

21. Even very short objects may cast shadows on the collector 

22. a. T^e rays of sunfight 
tx Utilities 

c. Plumbing, electrical, mechanical 

d. Traffic pads ( > 

23. Evaluated tb the satisfaction of the instructor 

24. Performance skills evaluated to the satisfaction of the instructor 



